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8 IX, 
* O U defire me (and from a good Friend ſuch 


Deſires are Commands) Firſt, to pick out for 

you a Set of choice portable Books fit for a Gentle- 
man of the Sword: Secondly, to ſend you by Letter 
the Sequel of our Converſations on the Spefacle de la 
Nature; that Abſence, as you are kindly pleaſed to ſay, 
may be no Interruption to your Pleaſures. I ſhall rea- 
dily, and to the beſt of my Power, comply with your De- 
ſires on both theſe Heads. Nor can I, indeed, permit my 
ſelf to refuſe ſo reaſonable a Requeſt; and J inall, per- 
haps, find my own Account in endeavouring to fill up 
ſome of your leiſure Hours, when you are not engaged 
in your Exerciſes and Travels, 

A Soldier's Library (eſpecially when he is in Service, 
or on the Road) neither mult nor can conſiſt of many Vo- 
lumes. A judicicus Choice is the chief Merit of his 
Books, and theſe may very we!l be reduced to the three 

Vor. IV. 0 following, 


A 


2 # LYUTTESR, Oc... 
CE dix. A New Teſtament, Cæſar's Commentaries, 
and Euclid, not doubting but you will always join to 
them the Book of Nature, Mankind. Such a Library 
may attend you every-where, fill up all the Vacancies, 
as well as ſupply the Wants of your Life, and be every 
Day ſwell'd with new Obſervations, without multiplying 
your Incumbrances, or maghifying your Baggage. 'This 
15 all I can do with Regard to your firſt Requeſt, and I 
think it ſufficiently anſwer'd. 

As to the Second, wiz. To proceed in taking a View of 


'the moſt beautiful Parts of Nature. As we have already 


ſurvey'd the internal and external Parts of the Earth, the 
very Order of Nature itſelf dictates, that the Heavens, 
and the Relations the ſeveral Parts of the Univerſe have 
to our Wants, ſhould be the Matter of our following 
Diſcourſe. 
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DI SSL OGU EE 


Part I. of pect. 


| O U may remember that when we 
dela Nat. Vol. 1 


ſome Time ſince amuſed ourſelves 
with examining the ſeveral Opera- 
tions of little Animals, and the Structure and Fame of 
the ſmalleſt Plants, you therein diſcovered a Generation 
ſo regular, ſo conſtant and perievering an Uniformity of 
Species, and an Organization ſo far ſuperior to our li- 
mited Underſtandings, that we both were ſtruck with 
Amazement at contempla ing the unfathomable Wiſdom, 
which the Creator has diſplay'd in the minuteſt and leſs 
perceptible Objects. Theſe Particulars of Natural Hi- 
itory ſeem'd to me at that Time to have had alſo another 
good Effect on you, to have made you inquiſitive, 
1 The 
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The View we afterwards took of the 

Part II. Vol. 2. Helps we every-where find near at Hand, 
and 3, on the Surface, as well as within the 

Bowels of the Earth, made us ſenſible of 
the Dignity of Man. This Inventory of our Poſſeſſions 
and Furniture of all Kinds, raiſed in us a Surprize at 
ſeeing ourſelves ſo very dear to the Creator, and fill'd us 
with a thorough Senſe of Gratitude, for the Bounties 
thus heap'd upon us, and diſpenſed to none but our- 
ſelves, ſince we are the only Beings he lets into the 
Knowledge of their Exiſtence, and to whom he has 
given the free Uſe of it. 

If we raiſe our Eyes up from the Earth 

Part. III. Vol, 3. to the Heavens, there we diſcover Beau- 

ties of a very different Kind. There we 
receive Preſents of far greater Value than all that have 
been mention'd. But tho' the ſhining Statelineſs of the 
Firmament makes it the brighteſt Part of the whole 
Scene of Nature; yet are we much leſs affected and con- 
cern'c. at the Sight of ſo many magnificent Decorations 
rolling over our Heads, than we are at the I hought that 
they all move for our Sake. The Earth, indeed, when 
compared with that immenſe Globe of Fire that gives it 
Light, ſeems not to be diſtinguiſh'd from the five or ſix 
ether Planets, which, as well as the Earth, borrow their 
Light from it, and appear to be ſo very inconſiderable 
Objects in Nature. Again, our Globe, compared with 
the Stars, dwindles to an 1mperceptible Point. Wha 
then ſhall we think of him, who inhabits it? He indeed, 
ſcems to be quite annihilated. Shall we believe, after 
this, that the Almighty had him in View, when he 
iramed his Works; and that it is for him God has re- 
gulated the annual Circle, the Jnequality of Nights and 
Days, and the Viciſſitudes of Seaſons ? 

Sure, the Excellency of the Beings God has created is 
not to be meaſured with a Fathom. The Inhabitant of 
the Earth has received an Underſtanding, a Faculty to 
will, a Soul. It isthis minute Being, whom God admits to 
that Cnowledgeof his Works, which he denies to the Sun 
iclelf. It is for Man he deſigns both the Uſe and the 
Deneft of this ately Retinue. Man is the only Creature 
on Earth, wkom God invites to praiſe him for it. 

A mo- 
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A modeſt Senſe of our Littleneſs and Infignificancy 
may doubtleſs be of great Service to us; but Man 1s 
more thankful as well as more ſurprized, when he ſees, 
with how great DiſtinGton God has been 
pleaſed to treat him, and to make him Pal, vii, vere 
here below, the ſole Spectator, and the p and 6. 
true Enjoyer of Nature. Far, then, from 
conſidering his own Meanneſs with a ſtupid Diſcontent, 
he, on the contrary, is ſenſible, that this his Meanneſs 
is amply recompenſed by the nobleſt and moſt valu- 
able Privileges, He cannot hearken to Reaſon, and 
not diſcern that pleaſing inchanting Trath ; that he 
is, on Earth, the chief Object of his Creator's Com- 
placency and Concern. Though there were in other 


Spheres Millions of intelligent Beings, on whom God 


fnould think fit to beſtow ſome other Favours (a 
needleſs Inquiry, and not within cur Reach) would 
it be leſs true, that Man on all Sides experiences a 
gracious bountitul Hand, paternal Cares, and an Or- 
der eſtabliſh'd only for his Sake? What Dignity, what 
Greatneſs is it, to have a Father, who, on our Ac- 
count, ſtrews the whole Earth with Bleſſings of all 
Kinds, and even vouchſafes to make the very Heavens 
fabſervient to our Intereſts ! | 

I need not, my dear Chevalier, here inſiſt on the Ex- 
cellency of the Study of the Heavens, in order to raiſe 
your Curioſity. That Science, which points out the Or- 
der and Courſe of the Stars, the Path and Effects of 
Light, and all the Relations the Earth can have with 
whatever ſurrounds it, in ſhort, univerſal Phyſics is, un- 
deniably, of all Sciences that. which molt elevates the 
Soul of Man, by the Grandeur of the Objects it offers 
to his Conſideration. It may properly be ſaid to inlarge 
his Mind, in ſubmitting the very Courſe of the Stars to 
his Underſtanding, and to join with the Merit of doing 
Mankind many ſignal Services, that of affording Piety 
Motives both of a lively Gratitude, and of the moſt pro- 
found Veneration. 

You very well gueſs at all the Beauty of Aſtronomy, 
and of the whole 'Tenor of Natural Philoſophy. Bur it 
mult not hide from you, that theſe very Sciences, by the 
falſe Methods with which they have been purſued, and the 
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wrong Uſe they have been put to, have been the Occaſion 
of infinite Miſchiefs. They gave Birth to Idolawwy, and 
have fill'd the World with Prejudices, Superſtitions, and 
idle Fancies. Nay, on this Irreligion itſelf has more 
than once attempted to ſupport itſelf. I therefore ſtop 
ſhort at the Conſideration, and heſitate on the Choice I 
am about to make for you ; ſeeing the Advantages to be 
reap'd from theſe Studies are attended with ſo great a 
Number of Errors and Dangers. 

Another Obſtacle, not much leſs perplexing, is the 
Difficulty of letting you into the celeſtial Motions, It is 
not with this Part of Nature, as with an Infect, or a fine 
Flower, the Knowledge of which may be attain'd at firſt 


Sight, or by the Help of a magnifying Glaſs. I there- 


fore thought the eaſieſt and ſureſt Method was this; viz. 
To facilitate the Approach of theſe ſo numerous and ſo 
vait Bodies, by offering them to your Sight under differ- 
ent Aſpects, and at ſcveral Times, gradually making 
them eaſy and familiar to you. Mult I then begin with 
requiring of you a large Stock of Machines and Geo- 
metry ? No ſure; we need not uſe Greet or Algebraic 
Terms, ſo long as we can underſtand one another in our 
uſual Speech. 
I ſhall begin with plainly laying before 
Part I, Vol. 4. you, without any Diſputes or mathema- 
tical Diſtinctions, what our Eyes, and the 
firſt Appearances, diſcover to us of the Structure of the 
World, and what common Senſe ſuggeſts to us of the 
Excellency of God's Favours towards us, together with 
the Uſefulneſs of the Day, and of the celeſtial Revolu- 
tions. 8 
After this, we ſhall go one Step for- 
Part II. Vol. 4. Warder. As the Knowledge of the Hea- 
vens cannot be attain'd but by a long Se- 
ries of Obſervations, nothing can be more natural, than 
to add to our own Experience that of Men, who lived 
before us. I am, therefore, to furniſh you with a Hiſtory 
of the Progreſs, which the ſeveral Obſervers of Nature 
have made therein from one Age to another. But their 
Works are of two Kinds : They ſometimes run upon ex- 
perimental Truths, ſometimes on Hypotheſes ; by which 
they endeavour to explain the inward Frame and Struc- 
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tare of each particular Body, or the general Fabric of the 


Univerſe, or the Concurrence of thote Forces, which put 
whole Nature in Motion. Do nct Jet us confound the 
Hiſtory of the Diſcoveries with the Recital of Hypo- 
theſes. We ſhall begin then with the Hiſtory of Phyſics, 
or Experimental Philoſophy, and of the Uſes we have 
experienced from it. The firſt Naturaliſts, whoſe Diſco- 
veries I ſhall give you an Account of, were, perhaps, 
neither great Geometricians or great Calculiſts. They 
were very often Plough-men, Gardeners, Shepherds, Tra- 
vellers, or Merchants, who acquainted others with ſome 
new and uſeful Obſervations. But what they have taught 
us is certain, and the Benefit of it inconteſted. It is but 
juſt we ſhould particularly inſiſt on this experimental Phi- 
loſophy, which makes up the Happineſs of Mankind. 
Hence we ſhall paſs on to the Hiſtory of general Phy- 
iics, which aims at no leſs than informing us of the 
Manner in which every Thing had its Original, or at 
leaſt at determining the Laws and moving Forces which 
regulate the Courle of every Globe. In this we ſhall 
find many very great Names, and famous Difputes : 
From the Expoſition of the Hypotheſes, you will judge 
of the Benefit that is to be expected from, and of the 
Value that is to be ſet upon them. In both Hiſtories we 
mall carefully remark the wrong Uſes, to which theſe 
Sciences have been applied, and prevent the Miſtakes 
and Extravagancies of which this Study might be the 
Occaſion | 

Yeu are ſenſible, my dear Friend, that when I choſe 
this Method, preferable to that of leading you from the 
geometrical Theory of the World, and the Study of the 
Motion of the Celeſtial Bodice, to the Confideration of 
particular Effects, it was in order to render eaſy to you 
the nobleſt of all Studies, inſtead of giving you a Diſguſt 
to it, by regularly purſuing it with Prolegomena, Axi- 
oms, and mathematical Demonſtrations. 

This Choice of mine is ſtill grounded on the Defire I 
have of procuring you another far greater Advantage. 


| Your chief Intereſt, as well as mine, is perfectly to know 


the Place we inhabit, and the Benefits we there enjoy. 
Let the Utility and Inutil.ty of general Phyſics be what 
it will (and this will plainly appear from the Compariſon 
B 4 : | we 
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we ſhall make between that and the Experimental) the 
chief Good we ought conſtantly to aim at in both, js to 
make the Whole ſubſervient to the Knowledge of the 
Earth. The Study of the ſeveral Points, Motions, and 
Aſpects of the Heavens, is not intended to acquaint us 
with what paſſes in the Firmament; ard we in vain are 
inquiſitive that Way, unleſs it be to improve our Man- 


ners and our Conduct within our own Sphere. But if 


the Study of the Heavens way be made to reter to us, 
and have a general Relation to Mankind, it muſt chieffy 
be effected by a faithful Account of thoſe Obſervations, 
which Neceflity has from time to time cauſed People to 
make on the ſeveral Objects which Heaven offers to our 
View, and of the conſtant Benefits, which Mankind reap 
from it. The Hiſtory of Natural Philoſophy is indeed 


the Enumeration of our Wants, and of thoſe plentiful 


Supplies which God has placed within our Reach. It is 
good only as it ſhews us what is over our Heads, withcut 
making us loſe Sight of what is under our Feet, and as it 
engages us to ſerve our Brethren (that is, all Men with- 
out Exception) by a more perfect Knowledge of that 
Soil we are appointed in common to improve. 

I ſhall thereſore endeavour, my dear Chevalier, to lay 
the Eiſtory of Natural Philoſophy in ſuch Order before 
your Eyes, that, after having read it, you may have a to- 
lerable Idea of the general Diſpoſition of our Globe, of 
the Aſpects under which the Heaven is ſeen by the ſeve- 


ral Climates of the Earth, and of the principal Intereſts 


which unite the Inhabitants thereof. In this Science, 
more than in any other, I ſhould think myſelf to have 
led you the beſt Way, could I have taught you to leave, 
without Regret, whatever is metaphylical, abſtruſe, and 
no ways relating to the Wants of Man; how to make 
yourſelf Maſter of what is certain, practical, and of ge- 
neral Acceptation, of what has a Relation to Objects 


under our own Management, and of what may contribute 


to our Happineſs, either by keeping us more conſtantly 


| buſted, or chiefly by rendering us more virtuous. 


For the ſame Purpoſe, I ſhall, perhaps, 


The Subject of from the Hiſtory of Natural Philoſophy, 


the fifth Volume. paſs on to the practical Part of it; and if 
you ſeem to like theſe Subjects, and P 
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be deſirous of acquiring a more exact and more parti- 
cular Knowledge of the Uſe of Globes, of aſtronomical 
and optical Inſtruments, in the Manner in which we 
calculate the Years, Months, Lunations, and the whole: 
Order of our Days, of the ſeveral Uſes we may expe- 
rience from the Knowledge of Motion, of the Laws of 
Gravity; of the Spring of the Air and Atmoſphere, of 
the reciprocal Preſſures of Fluids, and of the Applica- 
tion of the moving Forces to our ſeveral Neceſſities; in 
order to ſatisfy you on all theſe practical Points, we ſhall, 
perhaps, in our following Converſations; have recourſe 
to a few. mechanical and geometrical, but at the ſame. 
time, ſo plain-and ſo fruitful Principles, that you will 
be ſurprized to find, that the experimental Knowledge 
of Nature, which is the moſt engaging and moſt pleafing, 
of Sciences in all reſpects, and the moſt proper to ſatisfy 
any judicious Mind, both by the Uſefulneſs and Variety 
of its Productions, is at the ſame time the eaſieſt to be 
arrived at, and yet the leaſt cultivated. $3 
The whole Purport of my Plan is, in a ſmall Compaſs, . 
to join together whatever is certain and uſeful in natural 
Knowledge; Firſt, by the Help of our Senſes, and by 
inſpecting Nature: Secondly, by the Aſſiſtance we 
receive from the Hiſtory of what has been from Age to- 
Age diſcovered or improved: Thirdly and laſtly, by 
the Help of ſome of the ſimple Elements of Geometry. 
Let us begin the Study of the Heavens by the plain: 
Peſtimony of our Eyes. The Courſe and Method of it 
being pretty much in our Choice, we ſhall begin by the- 
Night, which darkens every Thing, and then run overs 
what the Day ſhall ſuccevely unveil to our Eyes. 
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* E Night is no Being. It is barely the Inter- 
ruption of the Motion of Light towards our Eyes. 
But even Non- entity itſelf is not un- 
The Night af. fruitful in God's Hands; and as he has 
ſords us In- made all Beings ſpring out of Nothing, 
{truCtion, he every Day produces from it, not in- 
deed any new Beings, but wholeſome In- 

Nructions, and many regular Utilities, in Favour of Man. 
The Night, by taking from us the Sight and Uſe of 
Nature, in a manner recalls us to that primitive Nothing- 
neſs from whence we firſt ſprung, or puts us again in 
that State of Darkneſs and Imperfection, that preceded 
the Creation of Light. The Diſtemper, which weak+, 
ens our Bodies, makes us the more ſenſible of the Value 
of Health; and the Night, which in ſome ſort annihi- 
lates the whole Univerſe, with regard to us, makes us 
the more ſenſible of the ineſtimable Value of Day-light. 
But Night is not only deſign'd to ſet off by its Shades the 
Beauties of the great Picture of the World, and to inſpire 
us with a greater Humility at the Sight of that Darkneſs 
which 1s natural to us, or with a livelier Senſe of Gra- 
titude at the Return of that Light, which 1s none of our 
Due. Though the Inſtructions it affords us were never 
ſo uſeful, yet would it be a ſad Thing, ſhould it impo- 
veriſh us merely for our Improvement. What Night 
ſeems to cut off from Life, by daily depriving us for ſe- 
veral Hours together of the Uſe of Light, and _ 
7 ght 
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Sight of the Univerſe, it abundantly makes up to us, by 
the Reſt it then procures. 

Man was born to Labour. Such is his The Neceſſity 
Vocation and Eſtate. But he cannot un. of Reſting. 
dergo his Toll, unleſs his Blood ſupplies 
1m continually with an infinitely ſubtle and active Mat- 
ter, which ſets the Springs of the Brain, and the ſeveral 
Muſcles of the Body to work. But the perpetual Waſte 
which is made of that Matter, which with ſuch Swiftneſs 
anſwers all his Purpoſes, would at laſt throw him into a 
lingering and conſumptive Condition, did he not recruit 
himſelf, and make up his Loſſes, by the Uſe of new A- 
liments ; and theſe, again, could neither be digeſted, nor 
regularly diſtributed through the whole Body, was he al- 
ways in Motion. He muſt leave off the Work of his 
Brains, his Hands, or his Feet; that the Head and Spi- 
rits, which exhaled from him, may be ſolely employ'd in 
aſſiſting the Functions of the Stomach, during the In- 
action of the other Parts of the Body. 

But God did not leave the Uſe and Diſpoſal of that 
Reſt to the Reaſon and Management of Man. He him- 
ſelf takes care to lull him aſleep. He makes Sleeping an 
agreeable Neceſſity to him, without either letting him in- 
to the Knowledge, or giving him the Government of it. 
Sleep is an incomprehenſible State, of which Man is ſo 
far from conceiving the Nature, that he can by no means 
either procure it to himſelf when it comes not of its own 
accord, or refuſe it when it ſeizes upon him. God has 
reſerved to himſelf the Diſpenſation of that Repoſe, the 
Time and Meaſure of which, he knew, would never be 
well regulated by human Reaſon. He has choſen Night 
as the propereſt Time, and the beſt Means to introduce 
Repoſe into the World, and to fx the Duration of it. 

Night, indeed, in covering all Objects with Darkneſs, 
obliges Man to ceaſe from his Works; and in order to 
refreſh him after all his Fatigues, by keeping him unac- 
tive, it removes whatever might agitate him too much, 
or affect him too ſtrongly. It conveys Silence and Dark- 
neſs every where. It taſtes from him the Scene of Na- 
ture, in order to ſtrip him of the Uſe of his Senſes; ac 
as the one is of no Uſe without the other, it at once de 
prives him of both. Who cannot diſcern, in this gre 
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Regard of Providence for Man, the Cares of a tender 
Mother, who removes all Noiſe from the Place where 
ſhe has laid her Son? She fondly watches over him, in 


onder to ſecure his Repoſe. 


Night and Sleep are ſo connected, and the former ſo 
properly made to bring on the latter, that whenever we 
ſtand in need of Repoſe, we begin it by procuring a ſort 
of artificial Night to ourſelves. We ſeek ſome ſhady 
loneſome Place, and have Recourſe to Curtains and 
Window-ſhutters, Our Senſes are never unbent but by 
the Removal of what gives them Agitation; and 'tis 
evidently this Service to which Night is commiſſion'd and 
appointed. But let us conſider, for a Moment, with 
what a diſcreet Caution it diicharges that Duty. 
Night, in ſerving Man, does not tie 
The Uſefulneſs him up exactly to any preciſe Moment. 
of the r It comes not in a blunt and abrupt Man- 
the Night. or ner to extinguiſh the Light of the Day, 
and all on a ſudden to rob us of the Sight 
of thoſe Objects we are intent upon. Far, indeed, 
from coming upon us unawares in the Midſt of our Works 
or Travels; it advances on the contrary by ſlow Steps, 
and only increaſes and thickens its Darkneſs by degrees. 
It permits us to make an End of what it is our Intereſt to 
finiſh, and does not precipitately deny us the Sight of 
the Goal we ftrive to arrive at. It is not till after it bas 
decently told us of the Neceſſity of taking our Reſt, 
that finally. makes an End of darkening the whole Face 
of Nature. | 
During all the Time of Man's Repoſe, Night, for his 
ſake, huſhes every Noiſe, keeps off all glaring Lights, 


and whatever might too ſtrongly affect him. It, indeed, 


ſuffers a few Animals, whoſe grim Aſpect might ſcare 
him while he is at work, to go forth under favour of its 
Darkneſos, and ſilently ſeek their Food in the abandon'd 
Fields. It aftords thefe voracious Creatures Means of 
coming to clear his Aboce of whatever might infeſt it, 
and even of taking from him ſuch "i'hings as are by him 
too careleſly guarded, It permits, however, the Animal 
that ſtands Centry by him, to give him Notice of what 
concerns him, while it impoſes Silence on every other 
Creature, It keeps the Horſe, the Ox, and his other 
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Pomeſtics faſt aſleep around him. It diſperſes the Birds, 
and ſends each of them to his reſpective Abode. As it 
comes on, it gradually huſhes the Winds that diſturb'd 
the Atmoſphere. It evidently is commiſſion'd to ſecure 
the Lord of Nature his Reſt. It cauſes his Repoſe to bs 
reverenced every where, the Moment of which is no 
ſooner come, but all Tumult ceaſes, all Creatures re- 
tire, and for ſeveral Hours together an univerſal Silence 
reigns throughout his Habitation. 

Nor yet does Nature's Palace remain wholly void of 
Light. For as thoſe, who inhabit it, might perchance 


be inclined to prolong their Works or Journeys, during 


the Night itſelf, ſeveral Flambeaux ſcatter'd in the Fir- 
mament {till guide their Steps: But theſe Lights, which 
were granted that they might not beleft in a total Dark- 
neſs, yield but a gentle, and not a very brilliant Light. 
It would have been neither proper nor juſt, to ſupply 
thoſe that wake with ſuch a Light as might interrupt the 
Repoſe of others. 

When the Ablence of the Moon, or the Thickneſs of 
the Air, takes from us the Light we ſtand in need. of, 
we are always Maſters of procuring it to ourſelves. We 
find the Principle of it in the Bowels of Flints, and its 
Fewel in the Wood, the Oil, the Fat of Animals, the 
Wax which Bee: colle& from Flowers, and in the ve- 
getative Tallon * that may be drawn from ſeveral 
Plants. But the nocturnal Light ſerves us very different- 
ly from that of the Sun. The latter invites us, it warms 
us, it preſſes us, to ſend us to work. On the contrary, 
the Fire we light does not come of its own Accord, but 
ſtays for our Orders. Nay, we cannot come at it with- 

out 


Green Wax-candle is cften made with fat and thick Juice, 
drawn from ſeveral Plants, There are found in the Iſland of Ceylen, 
large Foreſts of Cinamcn-trees, whoſe thin Bark, and eſpecially 
that of. the Branches, is that ſweet-ſmelling Spice ſo well known 
by the Name of Cinamon, and whoſe Fruit, when ſtrain'd, yields a 
greenith fort of Tallow, which is whiten'd and made into Wax- 
candles. They find in ſeveral Places of Miffi//;p: the Tree called 
Cirier; the Seed of which they throw into boiling Water, in order 
to extract a ſort of Oil that ſwims above it. They ſkim it off, and 
let it thicken in Cakes, in order to make Wax-candles of it, 
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out ſome Toil, nor keep it without Care. That bor. 
rowed Light is always ready to diſappear ; it ſeems to 
be miſplaced, and even loth to diſturb the Repoſe of 
Nature. Man rids himſelf of this, ſo ſoon as it becomes 
either troubleſome or uſeleſs to him, and he of neceſſity 
wraps himſelf again in that beneficial Darkneſs, which 
helps him to recruit his Spirits, and recover his Strength 
with Sleep. 

It is not only by its Darkneſs that Night becomes uſe- 
ful to us: It is again of Service through a Coolneſs, 
which, by every where preſſing down the Spring of the 
Air, makes it capable of working with greater Activity 
in all Bodies, and of communicating a new Vigour, both 
to the dry Graſs, and to the enfeebled Animals. Itis in 
order to preſerve this beneficial Cool, that the Moon, in 
reflecting to us the Light of the Sun, gives it us in ſuch 
a Degree as has no ſenſible Heat. In vain would we col- 
lect that Light in the Focus of the ſtrongeſt Burning-glaſs: 
It does not even affect the Thermometer when put in the 
Point that unites its Rays, nor cauſes there the leaſt Di- 
latation 1a the Spirit of Wine, otherwiſe fo ſuſceptible of 
it. An admirable Caution of the divine Artificer, who 
has eſtabliſhed the Order of the Night, and foreſeen 
whatever would be beneficial in it. He reſerves, for 
that Time, a Light ſtrong enough to remove Darkneſs, 

but at the ſame Time too weak to alter the 
The Cool of Coolneſs of the Air. He alone knows his 
the Night. own Work: He alone can know the ex - 
ceſſive Diminution of a Bundle of Rays, 
which he cauſes to paſs from the Body of the Sun to that 
of the Moon, the Remainder of which are reflected down 
to us weak, and quite deſtitute of Heat. It is perfectly 
needleſs for us to determine its Degree by Experiments, 
and long Calculations. It weuld be ſo much Philoſphy 
loſt, on account both of its litele Uſe and great Uncer- 
tainty. But it is no leſs eaſy than it is important for us to 
diſcern and praiſe the infinite Wiſdom, whoſe Meaſures 
are ſo exactly proportioned to cur Neceſſities. 
When Man is inclined to have the Bene- 
Tor fit of that faint Light, or wholeſome Cool- 
| Ent neſs which attends the Return of the 
Night; he, indeed, ſees no more the ſame Beauties in his 
8 abitation, 
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Habitation, and every Thing is leſs ſtriking and lively 
there: But as the Night has afforded him his proper 
Spectacle, the Night, in its Turn, favours him with 
another, that has Charms peculiar to itſelf, and of quite 
another CharaQer. 

We cannot doubt, but that thoſe immenſe Globes of 
Fire, which inlighten our Night at ſo great a Diſtance, 
haveeach of them in particular a peculiar Appointment, 
which anſwers in God's Purpoſes the Magnificence of 
their Appearance. Doubtleſs, the Reaſon and Frame of 
theſe wonderful Works, about which the Creator had 
once employ d himſelf, will greatly deſerve, that we our- 
ſelves ſhould be employ'd about them in that Life, after 
which we all of us fo ardently aſpire. But 
who ſhall preſume to explain what the Al- The Beauty and 
mighty hath thought ft to conceal? Who Uſefulneſs of 
ſhall dare to anticipate what he has reſer- the Stars, 
ved for another Oeconomy ? The ſmall 
Glimpſe which a few Genius's, more attentive than others, 
are by him permitted to have of thoſe Objects, being per- 
fectly unintelligible, and, as it were, unknown to the reſt 
of Mankind; it is not in the particular Deſtination of 
each individual Star, nor in the general Harmony of 
theſe Spheres, that we are to look for the Means of in- 
ſtructing Man, or for the Way of regulating his Duties, 
and the AﬀeQtions of his Heart. The prevailing Mo- 
tives, which inſpire him with Love, and incite him to 
Praiſe, muſt be drawn from what he ſees, from what 
concerns him, and from what is evidently ſubſervient to 
him. Now, what the Almighty has been pleaſed to re- 
veal to him of the Order of the Heavens and the Stars, 
extends no farther than the Aſpect under which he ſhews 
them to him, and the Uſe he allows him to make of them. 
But yet the littie he vouchſafes to communicate to Man 
is full enough for him, and Matter ſufficient for the moſt 
profound Admiration. God has fo fitly placed the Ha- 
bitation of Man, with regard to theſe immenſe Globes, 
that from that Sitnation there reſults an Order which he 
alone enjoys, a Beauty which inchants his Eyes, and a 
Regularity which makes up the Happineſs of his Life. 

"Theſe innumerable Fires firſt become, through this 
wonderful Diſpolition, with regard to him, fo many 
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thouſand ſparkling Luſtres hung up in the magnificent 
Cieling that covers his Abode. He ſees them ſhine and 
glitter on every Side, and the dark Azure, that ſerves 
them as a Ground, ſtill heightens their Brightneſs and 
Splendor. But their Influences are gentle; their Rays 
are diſperſed through Spaces ſo vaſt and immenſe, that 
they are entirely blunt and deſtitute of Heat by the time 
they arrive at Man's Abode. Thus by the Creator's 
Providence he enjoys the Sight of a Multitude of fiery 
Globes, without any Danger of their deſtroying the Cool- 
neſs of the Night, or the Quiet of his Repoſe. 

But it is not ſolely to adorn his Palace with coſtly Gild- 
ings, and a delightful Variety, that God every Day makes 
this magnificent Arch, with all its Decorations, turn a- 
round him. Man reaps, beſides, many conſiderable Be- 
nefits from it. Among the Stars, which he can eaſily 
diſtinguiſh, he knows {ome that are always over his 
Head, and conftantly retain the ſame 
The Stars that Place in the Firmament, without ever de- 
are near the viating from it. He ſees others that de- 
Pole. ſcribe very large Circles, and riſe gradu- 

ally above his Horizon, and then diſap- 
pear, ſetting beneath the Extremities of the Earth, whicly 
terminate his Sight. The firſt guides him in his 'Travels 
both by Land and Sea, by ſheviing him in the Dark one 
Side of the Heaven, the Aſpect of which remains con- 
fcantly the ſame, and is ſufficient to prevent his going out 
of his Way. But as the Clouds, and the Thicknets of 
the Air, may ſometimes deprive Man of the Sight of 
thoſe Stars that were given him as his Guides; God has 
put ſuch an intimate Relation between that Part of the 
Heaven, and the Iron which has been touch'd with the 

Loadſtone, that whenever that Jron is pla- 
The Sea Com- ccd in Equilibrio, it inceftantly turns one 
paſs, of its Ends, and that always the ſame, 

towards the Pole. By this Means the 
Traveller is informed of the Place where thoſe Guides, 
then not. viſible, remain, and his Way is always direct 
and regular, notwithſtanding the accidental Diſorders of 
tie Atmoſphere. | 
The other The other Stars vary their Aſpect; 
Stars, and though they always keep their Situa- 
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tion among themſelves, they nevertheleſs, with regard to 
ns, daily change the Order of their Rifing and Set- 
ting. Theſe very Variations, by their Regularity, fix 
the Order of our Works, and by a few ſettled Points de- 
termine the Return and Concluſion of Seaſons, Heat 
and Cold alone would have been too uncertain, and ſub- 


jet to too many fatal Revolutions, had they been made 


the Rule of Seed-time, and the Culture of Lands, or to 
diſtinguiſh what Times were proper for Navigation. 
Man finds all neceſſary Inſtructions on theſe Accounts, 
when he ſees the Sun paſs under a Series of different Stars, 
and yearly make the ſame Way in an uniform Manner. 
Thus it is that he knows the Courſe of that moſt beauti- 
ſul Star. He aſſigns a Name to every one of the Houſes 
by which it paſſes in its Way. He knows the exact Du- 
ration of its Stay in each Houſe. He likewiſe 1s ac- 
quainted with the Abodes of the Moons and Planets, 
with the Limits of their Courſes, and with the whole 
Oeconomy of the Months and the Year, He repreſents 
them in a ſmall Compafs with Machines, whoſe Revolu- 
tions are exact and regular. He, from one End of the 
Heaven to the other, obſerves ſeveral Points, Lines, Fi 
gures, and certain Marks that guide him in his Operati- 
ons, and in the exact Diviſion he is obliged to make of 
the Surface of the Land and Water. Thus is he ac- 
quainted with the whole Firmament; he deiineates the 
Map of it, and very properly may be ſaid to make a 
Voyage thither. But all theſe Objects, which he ſo uſe- 
tully there diſtinguiſhes, dwindle and diſappear at the 
Approach of the Sun; and if he diſtinctly determines 
which Stars are ſucceſſively eclipſed by its Rays, it is from 
the Knowledge he has of their Remoteneſs, or Diſtance 
from thoſe which Night diſcovers to him. It is then 
Night which, together with a new Scene, gives Man 
the ſureſt Methods of ruling the Works and order of 
Mankind. 

Night is not confined to the Brightneſs of the Stars. 
It has other Fires that (till enlighten Darkneſs much bet- 
ter, and form therein Pictures of a quite new Character. 
The Moon, above all, draws out of Obſcurity the Ob- 
jects that are neareſt to us, and colours them in ſuch a 
manner, as agreeably changes their whole 6 
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The Moon itſelf is then the moſt beautiful Obje in Na- 
ture. It pleaſes the Eyes by the Softneſs of its Splen- 
dor, and varies the Scene in daily changing its own Fi- 
gure. It every Day puts the Place of its Riſing back 
from the Eaft to the Veſt. Sometimes it pats on an aſh- 
colour'd Garment, almoſt intirely border'd with a plain 
gold Rim. Sometimes it dreſſes in Purple, and comes 
above the Horizon with a Shape much larget than ordi- 
nary. It leſſens afterwards, and whitens as it aſcends. 
It becomes brighter and more ſerviceable, as Day-l:ght 
leaves us; and both when it but partly ſhews itſelf, and 
when it appears at full, every where gives new Orna- 
ments to Nature, by ſuddenly breaking out, and ſuc- 
ceſſively ſinking again among the Clouds; ſometimes, 
by caſting its Beams through a Thicket of leafy Branches; 
ſometimes in decking itſelf with a Bordure of many Co- 
lours it borrows from the Clouds, or in attracting the 
Eyes of all the World, when the Earth, being placed 
between the Sun and the Moon, caſts iis Shadow upon 
the latter, and ſeems by degrees to gain upon it, or to- 
tally to overſpread it with Darkneſs. 

Sometimes the Planet Mercury, but oftener Venus, ap- 
pears, with regard to us, to diſcharge the Functions of 
the abſent Moon; ſo bright is their Splendor, either at 
the Beginning of Night, or at the Break of Day, A! 
theſe Lights, as well that which rules the Night, as the 
others which attend it, are moſt delightfully multiplied 
by Reflexion in the perfect Mirror of Fountains and 
Rivers. 

But that Night, which 1s at all Times 

The Summer agreeable is infinitely more ſo when the ſul- 
Nights, try Heats of Summer render the Day trou- 
bleſome. It then makes Men reliſh all the 

Comforts that can make him amends : It joins together 
with long Twilights, the Perſume of Gardens and 
Meadows, and the gentle Coolneſs of the Air. It oſ- 
fends his Eyes, much leſs than it amuſes them, with a 
thouſand little Fires that break through the Vapours of 
the Earth, with Lightnings that ſlightly in- 
3 flame the Edges of the Clouds, or with the 
Pas. 73% Beams of the Boreal fire, with which it often 
adorns the Northern Part of the Hemiſphere, and 
ſometimes 
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ſometimes are obſerved to move from one End of the 


Horizon to the other. 

Sometimes the Earth, like the Firmament, ſeems 
ſtrewed with Stars. 'The- Female Glow- worms, that 
kept under Ground during the Day, then come out to 
enjoy the Air; and then the Fields ſparkle with new 
Fires. They are deſtitute of Wings to help them to look 
out for Company; but they are more ſparkling than 
Diamonds; and their natural Brightneſs cauſes them to 
be ſeen in the Dark by the“ Males, who have received 
Wings to come to them, but have not, like them, the 
Prerogative of Beauty. 

Here, my dear Chevalier, methinks I hear you mur- 
mur; very likely you reproach me with leaving the Hea- 
vens, again to crawl upon Earth, whither the Brightneſs 
of thoſe Inſects had recall'd me: But we have actually 
cone with, and fhall no longer dwell upon them. Let 
us return to our Celeſtial Fires, and eſpecially to the 
magnificent Light, whoſe Splendor is ſo much ſuperior 
to that of others. I he ſurpriſing Variety of the Aſpects 
of that Planet, while the others ſeem to be conſtantly the 
ſame, raiſes a thouſand Doubts in the SpeQator's Mind, 
and gives Birth to many particular Reilexions. 


The Chevalier Valliſnery, in his Work intitted, Saggio d He- 
ria Naturale, Vol. 3. Edit. fol. Pag. 419. tells us that one of his 
Friends having in his Hand a Glow-worm without Wings, another 
that had Wings, but was not relucent, came into his Hand to meet 
the firſt, which was the Female. There are ſeveral Sorts of Glow- 
worms, and ſhining Beetles ; eſpecially in America. One in par- 
ticular that wears a Sort of Lantcrn upon his Head, | | 
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A Very few Days ago, the Moon appear'd under 
the Form of a Creſcent, a little betore the Dawn 
of Day. Now I ſee it under the ſame Form at the Ap- 
proach of Night, with this Difference only, that; in the 
Morning, its Extremities or Horns look'd towards the 
Ne, whereas the Horns of yonder Half-moon are ex- 
tended and point towards the Faſt. Three Days now are 
paſs'd ſince the Moon has not ſhewed itſelf, either at the 
Approach of the Sun, or aſter its Setting: What then 
was become of it? Whither did it retire? What was it 
that ſcreen d its Light from us? Who has extinguiſh'd it ? 
What Agent in Nature has the Charge of re-kindling 
that Lamp, and of returning it to us in ſo regular a Man- 
ner? Why will this luminous Creſcent, in four or five 
Days Time, ſo far widen as to ſhew us the Quarter-part 
of a Sphere? How ſhall this Light, by its ſucceſſive In- 
creaſe, in ſomething leſs than a Fortnight, come to 
ſhew me a Circle of Light ſomewhat detective on the 


left Side, and at length a complete and regular Diſk or 


round Figure, perfectly luminous? When the Light be- 


gins to appear on the Body of the Moon, it gets up on 


the Weſtern, then gradually ſpreads towards the oppo- 
ſite Side, and inſenſibly gains upon the whole Surface. Is 
it a Fire conſtantly increaſing? But why does that Light, 

| imme- 
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immediately after the Full-moon, begin to leave that very 
Side on which it made its firſt Appearance ; it ſhrinks to- 
wards the Weſtern Edge of the Moon, and by-and-by will 
be no more than a narrow Rim. That Rim aſterwards 
dwindles to a ſmall Thread without Breadth, and at laſt 
vaniſhes intirely, What can be the Cauſe of ſo incon- 
ſtant a Light ? 
The Cauſe of ſo many Phaſes excites my Curioſity ; but 
I find ſo conſtant a Regularity therein, that I ſhould ſtill be 
much better pleaſed to know the Purpoſe of ſuch a Work, 
or the Uſefulneſs of this Oeconomy. I think I can gueſs 
at the Aim and Cauſe of it; nay, methinks I even perceive 
them both very diſtinctly by 1 uſe of thoſe Phœno- 
mena, which are certain, in order afterwards to obtain the 
Knowledge of what is not ſenſible to my Eyes. 
In all the Eclipſes of the Sun, which I have had an Op- 
ortunity of ſeeing, I remark'd, that they always happen 
Ln the laſt Creſcent of one periodical Courſe of the 
Moon, and the firſt Phaſis of the New; that is, between 
the Time when the Moon 1s neareſt to the Sun, and that 
when it begins to go off from it. All the Spectators, whom 
the ſudden failing of the Light then drew together, ſaw in 
an uniform manner, and ſhew'd me either in ſtill Water, 
or through a darken'd Glaſs, a round and perfectly opaque 
Body, which inſenſibly ſlid before the Diſk of the Sun, and 
either partly, or almoſt wholly, intercepted its Light. This | 
dark Body could be no other than that of the Moon, which 
on the foregoing Days had been obſerved more and more 
to advance towards the Sun, and is found in one or two 
Days after to recede from it. The Moon, after having + 
barr'd the Paſſage of that Portion of the ſolar Rays, which 1 
directly tended towards our Globe, appear'd of the moſt Mi 
horrid and deepeſt Black; from which I underſtand that it | if 
ſhines only as it is lighted. This Side, which is turn'd to- Fl 
| wards us, being not able to receive any Light from the Sun, F 
had conſequently none to give us. The Moon therefore is M 
; but a maſſy opaque Globe, whoſe Brightneſs is only the Re- F 
a ſult of a borrow'd Light; it beats back towards us, or re- 
flects the Rays that fall on its Surface and cannot paſs 
through it. This firſt Truth once known, all the Reſt are 
| unveil'd, and by this Help it becomes an eaſy Matter to ſee 1 
the Order of its Viciſſitudes, and the Reaſon of its Phaſes. | 
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At preſent let us not conſider, whether | 
the Earth, by turning on its own Axis The Motian 
before the celeſtial Bodies, ſhews to them of the Moon. 
as if they were moving round us, or whe- _ 
ther the Heaven really turning, carries them along 
with itfelf from Eaſt to Weſt. Let us even ſuppoſe thar 
this daily Revolution of the Heavens is real, and for the 
preſent ſtick to what our Eyes ſeem to teſtify on that 
Head. The Moon, which makes a Part of the whole 
Maſs of the Heavens, and is fixed to it, muſt' of courſe 
be carried away from Eaſt to Weſt, We ſhall ſee it riſe, 
aſcend, go down, and at laſt retire into that Half of the 
Heaven which the Horizon hides from us. But from the 
Manner in which it approaches to, and afterwards goes 
from the Sun, retiring always towards the Eaſt, we are 
convinced that it has a Motion peculiar to itſelf, whereby 
it advances in a Way contrary to that of the Heavens. 
While a Ship is moving from Eaſt to Weſt with the 
Stream of the River, the Waterman, who is borne away 
by the Ship, does nevertheleſs freely walk from the Prow 
to the Stern, and from Weſt to Eaſt. A Fly, placed on 
the Wheel that lifts a Weight, is carried downwards 
from above by the Motion of the Wheel, but ſhe can by 
her own Motion gradually advance the contrary way up- 
wards from below. 

Every thing confirms us in the Notion, that the Moon 
has a peculiar Motion of its own, by which it turns round 
the Earth from Weſt to Eaſt. After it has been between 
us and the Sun, and then paſs'd from under that Star, i- 
continues to retire ſtill towards the Zaſt, and daily to 
change the Point of its riſing. In 4 Fortnight's time it 
will have reach'd the moſt Eaſtern Part of the Horizon, 
when the Sun ſhall be obſerved to ſet; it is then in Op- 
Poſition to that Star. In the Evening after the Sun is re- 
tired, it aſcends our Horizon, and ſets in tae Morning very 
nearthe Time of Sun-riſing. If then it proceeds in mak- 
ing the Circle it has begun round the Earth, half of which 
is already finiſh'd, it viſibly goes from its Point of Oppo- 
fition to the Sun. By little and little it appears leſs remote 
from it, and conſequently is ſeen later than when it was in 
Oppoſition; and at laſt draws ſo near that Star, that it will 
not be viſible till a little before the riſing of the Sun. 

It 
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If the perpetual Viciſſitudes and progreſſive 

Its Phaſes, Retardations of the Moon, are an evident 
Conſequence of its Motion, the Variety of its 

Phaſes is a no leſs ſenſible Conſequence. No one 18 igno- 
rant, that a Globe inlighten'd by the Sun, or by any other 
Inminous Body, can receive the Light of that Body on 
only one of its Halves. The Light glances onthe Extremi- 
ties that terminate the inlighten'd Half. lt continues its 
Way directly through the Air, without inclining towards 
the oppoſite Half, which of neceſſity muſt remain dark. 
When the Globe of the Moon is in Conjunction, that is 
between the Sun and us, its whole enlighten'd Half is to- 
wards the former, and the whole darken'd Half towards 
us; thus is it inviſible, though not annihilated; fince no 
Object can be ſeen but by the Rays of Light that arereflec- 
ted from it. But if the Moon has retired from under the 
Sun, and is withdrawn fifteen ortwenty Degrees Eaſtwards, 
then it is no longer the whole darken'd Half, which is 
turn'd towards us: A ſmallPortion orEdge of the inlight- 
en'd Half begins then to look towards us. We therefore 
ſee this luminous Edge on the right Side towards the 
Sun when but juſt ſet, or even before it ſets, and the Ex- 
tremities or Points of that Creſcent will be to the Left, or 
looking Eaſtward. When afterwards it is got to the quar- 
ter Part of its Courſe round the Earth, it gradually turns 
towards us its inlighten'd Part, and ſnews us one Half of it. 
Now the enlighten'd Part of it is exactly one Half: The 
Half of that Half can then be no more than a Quarter 
part of the whole Globe; and that Quarter is, what we 
in reality ſee. As the Moon retires from the Sun, and the 
Earth is nearly between them both, the Light covers a 
greater Space in that Part of the Moon «di is towards 
us. When, at laſt, the Oppoſition ſhall become intire, and 
our Globe ſhall be directly, or almoſt directly, between 
the Sun and the Moon, the Light ſhall ſpread from one 
Border to the other, and the Half turn'd towards us ſhall 
te no other than the inlighten'd one. But the ve:y next 
Day the inlighten'd Half ſhall begin to get a little behind 
the Moon with regard to us ; the Half it turns towards us 
is not then exactly and intirely viſible. The Light gra- 
dually leaves the Weſtern Part, and in the ſame Pro- 
Portion extends itſelf to the Half that looks from the 
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Earth, and the Extremities of the luminous Half ſhall ſuc- 
ceſſively paſs overthe whole anterior Diſk on the Left; till 
the Moon being again about to paſs between the Sun and 
the Earth, ſhews, at laſt, to her, no more than a ſmall n 
Border of that enlighten'd Half that is turn'd from our Me 
Eyes; and the Sun appearing in this Circumſtance a little o 
on the left-hand Part of the Moon, with regard to the Wl ( 
Spectator, the Creſcent or Border of Light muſt needs 
ſtretch forth its Horns on the Right, or towards the Weſt. t 
This Theory is ſelf-evident ; but ſhould it require any I ,, 
new Proofs, they may be found in the Explication of . 
the Particulars not yet examined. | h 
We have very often ſeen the Moon in an Eclipſe, and N 
cannot but have remark'd, that it never is ſo, but when it is E 
in Oppoſition, that is, at the Full. This Phœnomenon is 
a neceſſary Conſequence of what we have juſt obſerved. 
The Moon may be in a perfect Oppoſition, and this will 5, 
happen, if the Centre of the Moon, that of the Earth, and 
that of the Sun, are in, or nearly in the ſame Line. The 
Opacity of the Earth keeps the direct Rays of Light from 1, 
reaching the Moon; ſhe then is in the Shadow, and total- 
ly eclipſed. But if the Centre of the Earth be ſome de- f. 
rees diſtant from that Line which our Imagination may A 
CY from the Sun to the Moon when in Oppoſition, the ¶ th 
Shadow of the Earth ſhall ſlant only over a Part of the of 
luminous Half of the Moon, or may wholly miſs it. E 
1 5 For a like Reaſon, we conceive that the 
The Time of Moon, when in Conjunction, may have its 
che Eclipſe of Centre in, or very near a Line that paſſes 
the Sun. through the Centre of the Earth on one Side, 
and through that of the Sun on the other, di. 
In which Caſe it takes from the Earth the Light of the KY 
Sun, and either intirely eclipſes, or partly hides it from 
the Earth. But the Moon, though in Oppoſition, may be [; 
diſtant from that Line one Half of its Diameter, or more, ; 


and then the Interpoſition of the lunar Globe cauſes no 2 
fort of Alteration. The very next Day ſhe advances thir- 0} 


teen Degrees more towards the Eaſt than the Sun. She of 
finiſhes her Revolution in twenty ſeven Days, but does not 
meet the Sun at the ſame Point where ſhe left him after n 
the Conjunction. As the Sun itſelf advances towards 
the Eaſt in the Space of one Year, as much as the Moon 
does 
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does in one Month, ſhe does not overtake and come un- 


der it again till after nine and twenty Days; but in her 


perpetuai Revolutions her Courſe is varied in ſuch a Man- 
ner, that ſhe very often paſſes under. the Sun, without 
eclipſing it, and is frequently in Oppoſition with it, with- 
= _— darken'd by the Interpoſition of the terreſtrial 

obe. 

You, perhaps, will aſk me, whence is 
tnat faint Light which overſpreads the The faint 
whole Body of the Moon during the firft 3 * 2 
and laſt Days of its having the Form of a dee wc 3 
Creſcent? This, as well as the Viciſſitudes, ring the Creſ- 
Fhaſes, and Eclipſes, is no more than an cent. 
Effect of the peculiar Motion of the Moon, 
and of its particular Situation at that Time. The Earth 
reflects the Light of the Sun upon the Moon, juſt as the 
Moon herſelf reflects it upon the Earth. When the Moon 
is in Conjunction, the Earth is in Oppoſition with regard 
to her: It then properly is Full- earth with regard to the 
Moon, and the Beams, which the Earth caſts on the Moon, 
are ſuch, that the Moon may tranſmit it back to us by Re- 
flexion. The whole Moon would then be viſible at the 
Approach of the Conjunction, did not the Sun, which is 
then in her Neighbourhood, and which drowns the Light 
of the very Stars, wholly abſorb that faint Light from the 
Earth reflected on the Globe of the Moon. This therefore 


cannot be ſeen, though there be no Interpoſition of any 


opaque Maſs between it and our Eyes. When the Moon 
in Conjunction hides a Part of the Sun from us, what re- 
mains uncover'd has yet a Brightneſs far ſuperior to the 
dim Light, which the Full of the Earth may then caſt on 
the Moon. When this cauſes a total Eclipſe of the Sun, 
as it then robs great Part of the Earth of all manner of 
Light, it conſequently can receive nonefromit; much leis 
can it ſend back any to us. But when the Moon 1s a little 
withdrawn from the Sun, and yet the Earth till almoſt in 
Oppoſition, the Light that paſſes from the enlighten'd Diſc 
of the Earth to the obſcure Surface of the Moon is there 
reflected, returns again to us though much weaken'd, ard 
ſhews us the whole Body of the Moon, which not only is 


border'd with a golden Creſcent, but allo cover'd in eve- 


Vol. IV, C 17 


— — — 
3 — 
ug — — 


— 9 a 
5 - = Hg; 


_ — — 
— - 
. 


* 
— - 


r reer 
— 8 


4 


— 
—— 
— Os 


— ” 4 — 9 — * T — — — 
———— . Hr i hart 
— i * RY 


26 DIALOGUE IL 


ry other Part with a gentle Light, that diſtinguiſhes it 
from the Azure of the Heavens. 

The peculiar Motion of the Moon from Weſt to Eaſt, 
and the Variety of its Situations, are, as you ſee, ſufficient 
to give us a very clear Idea of the ordinary Phenomena, 
It would be agreeable, after this, to be able to foretell 
the Inflant when Eclipſes would happen, and the Degree 

of Obſcuration ; to e the Difference of the Courſes 

of the Moon from one Month to another, and the Rules 
of its Returns to the ſame Limits after a certain Num- 
her of Deviations. But let us not confuſe the Order which 
we have propoſed to ourſelves; and reſerving this geo- 
metrical Theory for another Place, let us ſee what is the 
Deſign of the Courſe and Phaſes of the Moon; it being 
a Matter of far greater Concern to us, than the moſt 
learned and exact Calculations. 

If I uſe my Reaſon ever ſo little, I find in the Courſe 
of the Moon a Series of uſeful Deſigns, carried on for 
the Conveniency and Welfare of Man. That Body, as 
maſly and dark as it is, with regard to the Earth, has 
been placed in a Point, and an Orb ſo little diſtant from 
It, that it throws a greater Quantity of Light upon us, 
than all the Stars together, though they are as many Suns. 
Philoſophers ſometimes pity the common People, that 
know neither the Greatneſs of the Stars, nor the Smallneſs 
of the Moon. But ſuch Philoſophers as only ſhall con- 
ſider the abſolute Magnitude of thoſe Bodies, would re- 
ally be leſs clear-ſighted than the common People them- 
ſelves. For they perceive in the Moon, not indeed its 
real Bulk, the Knowledge of which is of little Concern 
to us, but a Light far ſuperior in Brightneſs to all the 
Stars: And from the Relations the Creator has put be- 
tween that Planet and us, it is evident that he had this 
good Effect in View. He has removed the Stars ſo very 
tar from us, or keeps us ſo very far from them, that the 
Night we ſtand in need of cannot be impair'd by their 
Brightneſs; and he has ſituated the Body of the Moon 
ſo near us, that it becomes a magnificent Glaſs, which 
returns to us in the Night great Part of the Light of the 
Sun which we had loſt, *Tis true, the Motion of that 
Glaſs, thus ſucceſſively placed all round the Earth, has 
been mark'd out by Lines, that heighten or lower in a 
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tions are limited, and by their Help the 
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ſeeming Irregularity: But theſe — and Devia- 
oon is very 

ſeldom in an exact Oppoſition, or an exact Conjunction; 
that is, very ſeldom deprived of all Manner of Light by 
the Inter poſition of thoſe Planets: Whereas, had the Courſe 


of the Moon been more uniform, we muſt every Year 


have had as many Eclipſes of the Moon as Oppoſitions, 
that is, twelve, and likewiſe twelve Eclipſes of the Sun 
at the Conjunctions. But there are Favours ſtill more 
ſtriking than theſe. | 
If a Man has a Mind to ſet out on a Journey before 
Day-light, or to prolong his Courſe till after Sun-ſet, 
the firſt Quarter offers its Aſſiſtance, and ſerves him as a 
Guide immediately after the Sun is retired. The laſt 
Quarter likewiſe does for his ſake precede by ſeveral 
Hours the Dawning of the Day. He may alſo defer 
his Journey to the Time of the full Moon which affords 
him Days, as it were, four and twenty Hours long, by 
lighting him without Interruption, By this Help he can 
either avoid the burning Heats of the Summer, or at his 
Pleaſure ſecurely diſpatch fuch Buſineſs as it may be his 
Intereſt not to truſt to Day-light. | 
But would not a Night always clear have been more 
advantageous ? God makes his Bleſſings of different kind 
conſpire to our Happineſs, and the Variety of his Fa- 
vours adds a new Value to their Excellency. The Moon 
is not only deſigned to moderate the Melancholy of the 
Night, by a Light that lengthens out, or replaces that of 
the Sun: It is a true Satellite, fix'd firſt near Man's Pa- 
lace, and charged with ſucceſſively filling ſeveral Poſts, and 
with giving him, in every one of theſe, ſome new Advice, 
or new Signal, The Sun was appointed to regulate the 
Order of rural Works by the Revolution of a Year: But 
the Moon, by making a like Revolution round us in twen- 
ty nine Days, and regularly changing its Figure at the four 
Quarters of its Courſe, was ordained to rule civil Order, 


and the common Affairs of Mankind. It offers to all the 


Nations of the Earth a Watchlight, which takes every ſe- 
ven Days a Form entirely new, and preſents them all with 
convenient Diviſions, with Periods regular, ſhort, and fit 
to determine the Beginning and End of minute periodical 
Aſtairs. ence the Hebrews, Greeks, Romans, and all the 

C a Anticnts 


SS -DTHALOGUE ON. 


Antients in general, uſed to aſſemble at the time of the 
New Moon, to diſcharge the Duties of Piety and Grati- 
tude ; whatever might be of Concern to them, during the 
new Month, was proclaim'd to them on that Day. They 
met again at the Full Moon, and the two Quarters were 
other 'Terms very eaſy to be pointed out. Nay, even 
to this Day, the Turks, the Arabians, the Moors, ſe- 
veral Americans, and many other Nations, refer the 
whole Order and Oeconomy of their Calendar to the Re- 
newals and other Phaſes of the Moon. Our being leſs 
attentive to it than they, does not prevent its being till 
as (ſerviceable to us. The exact and convenient Calcu- 
lations, which many learned Aſtronomers furniſh us with, 
free us from all manner of Care and Inſpection that 
way: But their Calendars and Ephemerides, that direct 
all our Affairs, are themſelves govern'd by Obſervations 
of the Courſe of the Moon. They are before-hand 
adapted, proportion'd, and reduced to the Advices, 
which this watchful Satellite will never fail to give us, 
till he, who for our ſake order'd its Station, ſhall think 
fit to change its Functions, together with the State of 
Man, in whoſe Service he had originally fix'd it. 


1 


yy — „ ĩðͤ yy... „ . . . A ß ̃ . m — ! ˙ Um oe nc a6 


CREPUSCLE, 


AN: D 


Az u RE of the HEAVEN S. 


— 


DIALOGUE N. 


Faint Light begins to whiten our Horizon, and we 
already ſee Day, long before the Sun, that puſhes the 
Light towards us, is arrived at the Border of that Half of 
the Heaven which ſtands open before us. This Order of 
Nature has ſomething ſurprizing to us; for we ſee the 
Light no otherwiſe than by the Rays that reach our Eyes. 
Now the Sun, being as yet in that Part of the Heaven which 
is hidden from us, and behind the other Half of the 
Earth, cannot, it ſeems, ſend any of its Rays directly 
to us. Doubtleſs it may make ſeveral of them glance 
upon the Extremities of the Lands that terminate our 
Sight: But theſe Rays proceed farther into the Heavens. 
If in thoſe Spaces which they go through, they meet 
with any maſly Body like that of the Moon, or any other 
Planet, they ſhall be reflected as in a Glaſs, and a Part of 
theſe Rays ſhall be ſent back to us; but for want of a 
Surface, or of a denſe Body capable of reflecting them, 
they will paſs on, and be all of them loſt with regard to 
us. Is there in Nature any particular Body defign'd to 
do us that Service? If ſo, ſure the Artifice and Mecha- 
mim of it will be the more admirable, becauſe it ſerves us 
— without 
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30 DIALOG E IV. 
without being perceiv'd, and the Uſefulneſs of it be the 
more worthy our Gratitude, becauſe this Caution was 
taken for our ſake alone. 
Here you may recall, Sir, what we for. 

See Paſchall, on merly have remark'd of the Atmoſphere, 
the Weight of or that Maſs of rarefied Water, and groſs 
the Air, Air, wherewith God has enveloped the 

whole Earth, Nor are you ignorant, that 
the Column of Air, which keeps Mercury up to the Height 

of 27 Inches at the Foot of a Mountain, 
Keils Atron. ſuffers it to lower till it is but 25, 24 and 
8 De 23 Inches, or even leſs, as we draw near- 
*. 3 er the Top of that Mountain; by which 

it appears, that the Preſſure leſſens in pro- 
portion as that Column ſhortens ; and by judging of the 
Relation between 27Inches and three Quarters of a League, 
(by which Quantity the Height of the Atmoſphere is di- 
miniſhed at the Top of our higheit Mountains) it has been 
found by the plaineſt Calculations, that the Height of the 
Atmoſphere may be about twenty Leagues. 'T hey con- 
jecture, however, after many Experiments, that this Bo- 
dy may be incomparably higher and more extenfive than 
it is eommonly ſaid to be; and have beſides unqueſtion- 
able Proofs, that it varies according to the ſeveral De- 
grees of Heat, Cold, Wind, Agitation or Repoſe, that 
are felt ſenſibly in it. It was in the vaſt Reſervoir of ra- 
refied Waters, of compreſſive Air, of attenuated Oil, of 
volatile Salts, and of other Elements wiſely mix'd toge- 
ther, that we formerly found the Origin of the perpetual 
Courſe of Fountains, the Principle of the Nutrition of 
Animals and Plants, the Source of Smells and Taſtes, and 
many other Things of no leſs Importance. All theſe dit- 
ferent Bodies, which are toſs'd about in the Atmoſphere, 
are now no longer the Subject of our Speculations. The 
mechanical Frame itfelf of the Air muf be our Study, 
if we have a Mind to underſtand, with any Exactneſs, not 
only the Birth and Progreſs of the Twilight, but even 
the wonderful Order of all Nature. 

The Atmoſphere is framed and diſpoſed over our Heads 
in ſuch a Manner, that notwithſtanding its extenſive Mals, 
it ſuffers us to ſee the Stars that ſhine at an immenſe Dil- 
tance from it; and, notwithſtanding its » 
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bends and gathers for us an infinite Multitude of Rays, 
which we ſhould be deprived of without it, 

Any Ray or Portion of Light, that falls directly and 
perpendicularly on the Atmoſphere, enters it without an 
Obſtacle, and through it deſcends on the Earth in the 
ſame Line. Of the Rays that fall upon it with greater 
or leſſer Obliquity, ſome are admitted into, and ſome 
are repell'd from it. When the Sun is as yet more than 
eighteen Degrees diſtant ftom the Line which our Ho- 
rizon deſcribes in the Heaven, then all the Rays offer 
themſelves ſo obliquely to the Atmoſphere,. that inſtead 
of entering it they ſlant aſide, and are loſt in the immenſe 
Extent of the Heavens; like a Piece of Slate or Tile 
which a Child flings ſloping on a River, and which falling 
very obliquely on the Surface of the Water, does but ſkins 
or graze upon it, bounds and riſes again, and then re- 
peats the ſame thing more faintly, yielding at the ſame 
time both to the oblique Impreſſion or Impulſe it has re- 
ceived, and to the Weight that forces it downwards. 

But when the Sun comes to the eighteenth Degree from 
the Limits of the Hcrizon, this is very near the Point 
where the Atmoſphere begins to admittheRays that ſtrike 
it: I ſay, very near; becauſe that Point often varies. The 
Atmoſphere riſes or ſinks according as it is dilated or de- 
preſs'd. When rarified by Heat, it is higher. Then the 
Sun, even before it reaches the eighteenth Degree from 
us, may meet it under that Degree of Obliquity, where 
tranſparent Bodies have been appointed to admit the Light. 
On the contrary, when Cold has depreſs'd the Mafs, as 
it is then flatted and lower, the Sun, when at eighteen 
Degrees Diſtance from our Horizon, is ſtill below the ne- 
ceſlary Degree of Obliquity, and its Rays ſtill glance on 
the Atmoſphere, inſtead of being admitted into it. 

In vain ſhould we here examine into the Reaſon why 
a Ray is not admitted into a tranſparent Surface, unleſs 
it makes an. Angle of a certain Meaſure with it. It is 
enough for us to ſee the Matter of Fact, together with 
the Advantages reſulting from that Oeconomy. On this 
Particular, as well as any other, we may affirm, that 
Nature has not, by adjuſting itſelf, added Beauty to the 
Almighty's Work ; but rather, that from God's immedi- 


ate Intention of procuring that Beauty, Order ſprung with- 
the whole Frame of Nature. C4 When 
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When the Rays offer themſelves under the Degree ap. 
Pointed to enter into the Atmoſphere, they not only are 
admitted into it, but are allo bent and refracted there, 
In the firſt Place, they are bent and lower'd more than 
they would have been in following the Direction in which 
they enter'd. It is an invariable Law of Nature, that 
when a Ray of Light paſſes obliquely from a tranſparent 
Body or Medium into a thicker, as from Air into Water, 
it does not follow the ſame oblique Line in its Way 
through it, but bends and becomes ſomewhat more con- 
vergent. We ſhall examine the Rules of this Convergency 
in its proper Place; and at preſent conſine ourielves to 
the Knowledge of its Uſe and Effects. 

All theobliqueRays that paſs from the Heaven, and from 
the lighter into the thicker Fart of the Atmoſphere, do not 
follow their firit Direction, but are bent there, which bend- 
ing brings them out of their firſt Direction. This begins to 
brighten our Heaven long before the Arrival of the Sun. 

But in order to regulate the Oeconomy of 

The Reflexion theſe 'T'wilights, it is not enough that the 
of the Light, Atmoſphere bends and drives towarc's us 
a vaſt Number of Rays, that would not 

have reach'd thither, following the Courſe of their firſt 
Direction; it muſt, beſides, continually reflect the great- 
er Part of theſe Rays; for, in reality, they are not all 
puſh'd towards us. 'The moſt numerous go through, and 
ſtrike the very Bottom of the groſs Air which ſurrounds 
us, whence they are brought again, or reflected on all 
the Objects about us. This Operation, which by the 
Bending or Refraction of the Rays cauſes the Dawn of 
Day, produces alſo its Continuation and principal Beau- 
ty, even when the Sun is in its greateſt Degree of Eleva- 
tion, and caſts on us all its Heat. The Earth, that re- 
ceives theſe Rays, beats them back on all Sides; they 
aſcend again into the Atmoſphere, which again returns 
us the greater Part of them. Thus does it make them 
doubly uſeful, preſerving to us that Heat which is the 
Soul of Nature, and thatSplendor whichis the Beauty of it. 
| . It evidently encreaſes the Heat, ſince it 
The Atmo- gathers together a numberleſs Quantity of 
ſphere is the Rays, the greater or leſſer Union of which 
Cauſe of Heat, is the Meaſure of Heat and Cold. Tho! 
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the Atmoſphere becomes to Man a Mantle of the fineſt 
Texture, which without making him ſenſible of any man- 
ner of Weight, keeps in that vivifying Heat, which, 
were it not conſtantly canfined, would ſoon be loſt, 

The Atmoſphere does at the ſame time 
cauſe and maintain around us that briſk and It is the Cauſe 
univerſal Light which lays our whole Ha. of Splendor, 
bitation before our Eyes, and which, tho” 
it be a neceſſary Conſequence of the Irradiation of the 
Sun on the Atmoſphere, yet is the Work of the latter, 
rather than the Production of the Sun itſelf. You cer- 
tainly will look on this as a Paradox. How! you will 
ſay : If it is properly the Atmoſphere that produces the 
Day, by collecting for us the Light which the Sun caſts 12 
on it; let us ſor a Moment ſuppoſe the Atmoſphere to be 
deſtroy'd ; in this Caſe we may ſee the Sun without ha- 


ving Day; it then will no longer be the Father of Light? 


I admit your Suppoſition. Let the Atmoſphere be no- 
more, and the Earth lie naked under the Sun. | 

At firſt, the Riſing of thatStar has not been preceded 
by any Twilight: It has not been uſher'd in by the Auro- 
ra, there being nothing to reflect towards us the leaſt of 
its oblique Rays. The moſt intenſe Darkneſs covers us 
to the very Moment of its Riſing. It ſuddenly breaks out 
from under the Horizon, ſhews itſelf ſueh as it will appear 
towards the Middle of its Courſe, and will not in the leaſt 
change its Appearance to the Inſtant of its Setting, which 
ſhall be as ebſcure, with regard to us, as the Middle 
of the darkeſt Night. The Sun, 'tis true, ſtrikes our 
Eyes with a lively Brightneſs; but ſuppoſing the At- 
moiphere anninilated, it is like a clear Fire which 
we ſee during the Night in the mid{ of a ſpacious 
Vield. It is Day-light, if you will; for we ſee the Sun 
and the adjacent Objects round us: But the Rays, that fall 
on ſuch Lands as are a little remote, are for ever loſt in 
the vaſt Expanſe of the Heavens. Theſe Lands are not 
perceived, and the Night ſtill continues, notwithſtanding 
the Fire of this bright and brilliant Star. For inſtead of 
the white Tint or Colour which characterizes the Day, 


and unveils all Nature by brightening the Azure of the 


Heavens, and colouring all the Horizon ; we ſee nothing 
butablack Deep, an Abyſs of Darkneſs, wherein the Rays 
C 5 of 
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of the Sun meet with nothing that can reflect them to us. 
"Tis true, the Number of the Objects ſhall ſeem to be 
augmented in the Heaven, and the Stars ſeen as well as 
the Sun: But this is a new Demonſtration, that there is 
no Day to be had without the Atmoſphere; ſince it is that 
alone, which, by multiplying the Reflexions, ſtrengthens 
the Light of the Sun ſo far as to make it drown that of the 
Stars. The Sun then mounts, if you will, over our Heads; 
but for want of an Atmoſphere it would always be Night, 
and the Difference between that Night and ours would 
conſiſt in this, that the luminous Bodies, which light it 
now, are grounded on a pleaſing and delightful Azure; 
whereas, in the other Caſe, they would ſeem faſten'd on 
a diſmal Mourning-carpet. 

You, perhaps, cannot conceive how the Deſtructi- 
on of the Atmoſphere carries with it the Loſs of that 
fine Azure, that adorns the Heaven, and delights the 
Earth : But you will eaſily frame a juſt Notion of it to 
yourſelf, if you do but recal what a prodigious Quantity 
of rarefied Water is raiſed on high, and buoy'd up from 
the higheſt Part of the Atmoſphere down to.us. There 
never is a greater Quantity of it collected there, than in the 
f neſt Summer Days, when there are no Clouds, or Va- 
Fours to be ſeen. Thus, though theſe Waters, higher 
than the Region of the Clouds, eſcape our Senſes, your 
own Reaſon points out their Exiſtence to you, and the Ope- 
rations of Nature convince you of it in Concert with the 
Legiſlator of the Hebrews, who had been inform'd of that 
Divifion by the Author of Nature himſelf. It is among 
theſe Gatherings of Light and rarefied Waters always ſuſ- 
pended over our Heads, that all the Rays of Light reflect- 
ed from the Surface of the Land meet. The Atmoſphere 
again ſends them back to us from all Parts. This vaſt 
Maſs of rarefied Waters which ſurround us, being a fin- 
ple, and uniform Body in its whole Exter:t, the Colour of 
it is always ſimple, and conſtantly the ſame, We ſhall 
afterwards ſee, in its proper Place, that thoſe Rays of all 
kinds that are ſent back by the Atmoſphere, form the 
white Colour by their Union. We ſhall ſee likewiſe, that 
the i menſe Spaces reaching from us to the Stars, not re- 
flecting towards us any manner of Light, mult needs ap- 
pear black w our Eyes. The blueiſh Colour is what * 


* os, OR. am as = 


/ / . ... 


8 
* 


« 02 


a. Aoi , 


cb 


Of th CREPUSCLE. 35 


has given to Water, whether condenfed or rarefied. The 
Atmoſphere therefore muſt be of an azure Colour; and 


this Azure is ſometimes lighter in Proportion to the Quan- 
tity of Rays, which enter the Atmoſphere and are there 
refleted ; ſometimes deeper, when the Abſence of the 
Twilight heightens the Blue of the Atmoſphere, by means 
of that Black, which follows it immediately. 

How! thoſe azure arch'd Skies which we confounded 


with the ſtarry Heaven, are they then nothing more than - 


a little Air and Water? and what we took for the Hea- 
ven, only a Cover wrapt cloſe round the Earth? Itis in- 
deed nothing elſe ; and this again is a new Wonder, that 


requires ſomething more than bare Admiration. It is a 


complete Demonſtration of our being the Objects of our 


Creator's tendereſt Affection. A few {mall Bubbles of Air 


and Water are indeed of themſelves Things very infigni- 


ficant: But that Hand, which had with ſo much Art and 


Caution placed them over our Heads, has done it merely 


that his Sun and Stars might not he rendered uſeleſs to 


us. He embelliſhes and enriches whatever he pleaſes, 
and theſe Drops of Water and Air. become in his Hands 


an inexhauſtible Source of Glory and Happineſs. He 


draws from them thoſe Twilights which ſo uſefully prepare 
our Eyes for the receiving of a ſtronger Light. He fetches 
out of them the Brightneſs of the Aurora. From them 


he produces that Splendor of the Day, which the Sun 


of itſelf could never procure us. He makes them con- 
tribute tothe Preſervation and Increaſe of that Heat which 
nouriſhes every Thing breathing. Of them he makes a 
bright Arch, that inchants the Sight of Man on all Sides, 
and becomes the Cieling of his Habitation. God might 


have made that Arch darker, or even black: But the Black 


is a ſad and diſmal Colour, that would have thrown all 
Nature, perhaps, into the deepeſt Melancholy. The Red 
and White were as little proper for it, fince their exceſſive 
Brightneſs would have offended every Eye. The Yellow 
is reſerved for the Aurora: Beſides, a whole Arch of that 
Colour would not have been ſufficiently. diſtinguiſh'd from 
the Stars that were to be ſeen through it. The Green, as 
it 15 very ſympathetic and pleaſing to our Eyes, would 
indeed, have produced all the neceſſary Imbelliſhments : 
But it is with nn that God has adorn'd 

Our 
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our Abode. It is the Carpet he has ſpread under our 
Feet. 'The Blue, without any Sadneſs or Hardneſs in it, 
has the additional Merit of approaching near to and 
heightening the Beauty of the Stars. 

The Workmanſhip of that Arch, though it limits 
dur Sight by its Thickneſs, is tranſparent enough to 
let us extend our Sight as far as the Stars. And though 
it is ſo very near us, yet ſeems to make but one Body with 
them, though they are at an inconceivable Diſtance from 
it. This is as it were the Bond that unites all Things far 
ſeparated by Nature; Let me then afk a ſincere thinking 
Believer, why God has ſpread this Atmoſphere round us ? 
A falſe Philoſopher will take it for the Sediment of ſome 
Vortex, and think he has hit it right: But Piety, more 
penetrating, ſees there what ſtrikes the Eyes of all; 1 
mean, an evident and palpable Intention to eſtabliſn Man 
in the Poſſeſſion of Nature, and to preſent him with an 
Oeconomy and World deſign'd for him alone, fince he 
is the only SpeQator of it. 

F cannot take my Eyes off this Inminous Arch, which 
aff:Qs me leſs by its Magnificence than by the Bleflings it 
procures me, and by that innumerable Series of Precau- 
tions that have been taken for my ſake. Put while I fol- 
Tow the Order of thoſe Thoughts which the firſt Dawn- 
ings of the Day might raiſe, I perceive the Beginning of 
the Aurora, Let us not give ourſelves over to the Plea- 
ſure of examining this-new Decoration, before we have 
taken Notice of the chief Benefit of the Twilight. The 
Deſign of this was, no doubt, to prolong the Day; that 
Man might alſo prolong his Work ard 'I'ravels, and at 
the ſame time not to bring Day-light upon him, before 
his Eyes were prepared for it ; nor the Dark, before he 
was forewarn'd of it. 

But the Crepuſcles vary from one Erd of the Year to 
the other, and they are far greater towards the Poles, 
than in the torrid Zone, Is there then the ſame Artifice 
and Utility in the Variations of the Crepuſcles, as in the 
Cauſe that produces it? 

The Inhabitants of the torrid Zone ſee the Sun aſcend- 
ing perpendicularly their Horizon, and going down in the 
ſame Direction into the upper Hemiſphere: Whence it 
happens, that the Sun comes very ſoon to be eighteen De- 
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rees below the Hor:zon, and leaves them in the darkeſt 
Night. On the contrary, as it caſts its Rays obliquely to- 
wards the Poles, and goes not very far below the Horizon 


of thoſe who are near them; it thence happens, that their 


Nights, though very long, are always accompanied with 
Crepuſcles, and are in a manner luminous. 'The deep 
Gloom of the Night again brings with it a comfortable 
Coolneſs to the Inhabitants of the torrid Zone, whoſe 
Spirits the exceſſive Heat of the Day has entirely exhauſt- 
ed. The Remains of an almoſt continual Light are ex- 
tremely precious to the People neighbouring on the Poles. 
and free them from a Darkneſs that would render their 
Life unhappy. It is a Bleſſing to the former, to have 
ſcarce any Twilight at all, and it is no leſs agreeable to 
the latter, that they have an Aurora which is ſcarce ever 
interrupted. 

As for us, who are pretty equally diſtant from the 
Inhabitants of the torrid and frigid Zones, we. by Ex- 
perience, have Crepuſcles as diminiſh in Proportion to the 
ſhortening of the Days, and increaſe nearly in Proportion 
to their lengthening. At firſt Sight this Oeconomy ſeems 
grie vous to us, and one might be apt to think, that as we 
can do without Light very well, when the Nights are ex- 
tremely ſhort; we on the contrary ſtould be very glad of 
a fine 'Twilight, when they are very long. But nothing 
would be worſe managed than the Government of the 
World, were it abandon'd to the Conduct and Reaſon of 
Man; and nothing can be better contrived than what God 
has eſtabliſh'd, even when it ſeems contrary to our No- 
tions, Of this you may judge by the Oeconomy of the 
Crepuſcles, of which we might be inclined to complain. 

Nizhts become longer, and the Darkneſs deeper, after 
a Man has gather'd in all his Harveſts. Then the Earth, 
no leſs than he that tills it, wants to take its Reſt. Win- 
ter comes to reſreſh them both, and to make them re- 
cover, during the Time of Inaction, the Strength neceſſa- 
ry, ere long, to begin Labour a- new. Night may length- 
en without any dangerous Conſequence, when the Huſ- 
bandman is unemploy'd, as is Nature itſelf. What would 
Crepuſcles be good for, while Man is at Reſt ? 

But Night will gradually gather up its Veil, and yield 


Man new Degrees of Light, as the Neceſſity of working 
ſhall 
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ſhall bring on the Neceſſity of being lighted. During the 
Summer, Night, for the Sake of Man's Works, continues 
to lengthen out the Crepuſcle for his Uſe, even when it 
has begun to lengthen itſelf out by a ſenſible Diminution 
of the Days. When the great Heat ſhall ſollicit Man 
to cut down the Graſs or the Corn it has brought to per- 
fect Maturity, Night then, left it ſhould be deſtroy'd by 
the Heat of a burning Sun, invites him to put off a great 
Part of his Toil to the Time when ſhe comes to cool him. 
To gratify him, ſhe becomes an almoſt perpetual Aurora. 
In the Summer Seaſon, a faint Light, more or leſs conſide- 
rable, conſtantly chears the Horizon towards the Evening 
between the Weſt and the North, and between the North 
and the Eaſt towards Morning. Man fees diſtinctly what 
comes under his Sickle or Sithe, and the Mildneſs of the 
Air allows him to cut his Harveſt down without ſweat- 
ing. The Summer, which renders his Travels more ea - 
ſy and convenient to him, and facilitates the Fiſhing and- 
Trade of the North, accommodates itſelf to all his Wants, 
and kindly lights all his nightly Operations, at the very 
time when the Reſt he takes, during the Heats of the 
Day, renders his Night-watches neceilary. 

Here, my dear Chevalier, I would fain aſk you, among 
all the Methods one may follow in ſtudying the Oecono- 
my of Crepuſcles, pray, which would you give the Pre- 
ference to? I, for certain, blame none of them ; but I 
may be allowed to try your Judgment. The Order of 
Crepuſcles may be ſtudied after the Method of the Phi- 
loſopher, or after that of the Ploughman. The former 
calculates the Difference of the crepuſcular Light from. 
Day to Day, and his Work may be ſo exact as to procure 
him general Applauſe. Ihe Huſbandman is not ſo learn- 
ed; but at thoſe Hours, when he is at leiſure from his 
Work, he ſometimes reflects upon the Heat that ripens his. 
Harveſt during the Day, and on that gentle Light which 
comes to aſſiſt him to cut it down at Night. He is pleaſed 
to ſee the Coolneſs concurring with the Light to forward 
his Labour. He perceives God's Intention in this 
beautiful Oeconomy, and renders him therefore Thanks 
and Praiſe. Both theſe argue and philoſophiſe after their 
own Manner. But if the firſt has look'd upon the Atmo- 
ſphere, wherein the Crepuſcle is produced, only as a _ 
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Maſs of Matter, which Gravity has collected round the 
Planet ; if he has neither diſcern'd nor adored the Hand 
that rules and beſtows this Light on Man, by lodging 
him beneath an Atmoſphere; pray, which of our two 
Philoſophers do you prefer ? Which do you think argues 
beſt? You, no doubt, have a Value for Calculations and 


Exactneſs; but I am ſure you will declare for the Philo- 
ſophy of the Mind. 
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OTH Heaven and Earth have their agreeable Va- 
riety. Every Moment brings with it ſomething new. 
hat Circle which clear'd up and whiten'd the Azure of 
the Firmament towards the Eaſt, now widens and riſes 
upwards. The Objects, which we were ſcarce able to 
prone begin now to be clearly diſtinguiſh'd : It is 
ay light, and the Crepuſcle is at laſt ſucceeded by the 
Aurora. 

* Poets, who know no better Method of pleaſing, than 
that of making lively Pictures of Things, have given us 
the pleaſant Deſcriptions cf the Aurora. They make 
her the Daughter of the Air, and ſtile her the Forerunner 
of the Day. In this Quality ſhe is charged with the Cul- 
tody of the Gates of the Eaſt, and it is ſhe who, at the 
appointed Time, comes to open them with her roſy 
Fingers. She ſends before her the Zephyrs to ſcatter 
gloomy Vapours, and to purify the thicken'd Air. Where- 
ever ſhe appears, ſhe enlivens the Verdure, makes Flow- 
ers grow under her Steps, and with the News of the Day, 
ſpreads Beauty and Joy all over the Univerſe. 


* H,, gar) foboSarruaC neg. Homer, 1 
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Theſe poetical Fancies have ſomething in them very a- 
greeable, but the fabulous Strokes, with which Truth is 
blended therein, are nothing but a Paint, that disfigures 
it and impairs its Beauty. Let us then leave the poetical, 
and conſider the natural Aurora. This, indeed, is ſo 
majeſtical and ſo bright, that it wants no borrowed Help, 
or Decorations, to be infinitely pleaſing. 


The Avrora, with regard to us, is a Creation intirely 


new, and every whit as noble and free a Gift as the firſt 
Creation. It is wholly new, ſince the Aurora cauſes Hea- 
ven and Earth to riſe outof that profound Darkneſs, which 
took from us the Sight and Ule of them, as if they were 
no more, It may even be ſaid, without derogating from 
the exaReſt 'I'ruth, that the Birth of Light is finer and 
more magnificent at preſent, than it was at the firſt Mo- 
ment of its Creation. There were then no Spectators, 
nor any Objects to be enlighten d. The Earth, tis true, 
was already made: God had form'd the ſeveral Parts of 
Matter, he had with Oeconomy ſpread the various Strata 
or Layers, and prepared all the Organs thereof: But the 
Animals, the Plants, and all the Works, wherewith it was 
to be cover'd and adorn'd, were not as yet upon it. They 
appear'd thereon but ſucceſſively, and within the Compaſs 
of ſeveral Days, as God was pleaſed to regulate their 
Being, and aſſign them their reſpective Places. The Wa- 
ters of the Atmoſphere had not yet been raiſed on high, 
nor thoſe of the Sea collected and confin'd within the low- 
er Places wherein they now ſojourn. Theſe Waters cover- 
ed the whole Earth: In ſhort, it was as yet without either 
Order or Beauty. But now, when the Dawning of the 
Day ſcatters the Darkneſs, it opens to our Sight an Earth 
ſtrew'd with Bleſſings, and imbelliſh'd, for our Sakes, with 
the moſt coſtly Attire. It unveils every Thing to our 
Eyes: It ſhews us the Mountains, withthe ſpacious Woods 
with which they are crown'd: It offers to our View the 
leſſer Hills, with the Vines, that are like Tapeſtry upon 
them; the Fields, with the Crops that cover them; the 
Meadows, with the Rivers that water *hem : It draws the 
Curtain from over whole Cities and Towns: It brings out 
of Darkneſs the Domes and Pyramids of Temples, the 
magnificent Caſtles of the Great, and the Abodes of the 
people diſperſed all over the Plain. pn 
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All theſe Treaſures were loſt to us, ſo long as the 
Night made them of no Uſe. It ſeem'd to rob us of 
them, or to annihilate them; and as we have no Title to 
the Day that reſtores them to us, the Return of the Au- 
rora is of courſe a Benefit conferr'd on us, not only as 
new and as magnificent, but likewiſe as little deſerved, 
and as greatly bountiful, as the Creation itſelf. 

God, *tis true, creates no new Beings in the material 
World; and in that Senſe he is, indeed, enter'd into his 
Reſt. But as nothing began to exiſt but becauſe he was 
pleaſed it ſhould be; and as every Thing would ceaſe to 
be and to act, ſhould he ceaſe to will their Duration, Mo- 
tion, and periodical Return; “ he acts as much at every 
Inftant for the Preſervation of the Univerſe, as he did at 
the firſt Moment of its Creation. He then began to will 
that it ſhould, and he continues to will that it may ſub- 
fiſt, Therefore each new Day is as great and ſpecial a 
Mark of the divine Favour as the firſt. 

But Men will, perhaps, argue thus: Why muſt recourſe 
be had to the Will of God, waen every Thing is to be ac- 
counted for by following the ſimple Order of Nature ? 
It is weak Philoſophy to look for Intentions, and to ſup- 

oſe any particular Gifts in the Return of the Aurora, 

t 15 nothing more than the Beginning of a new Revolu- 
tion of our Vortex, and a mere and plain Conſequence of 
the Laws of Motion; it is, indeed, an immediate Effect 
of the Motion, or of the Revolution of the World: But 
there may be ſome Danger in the Manner in which 
Naturaliſts ſpeak of Motion to ſuch as liſten to them. 
They are apt, to lead Youth into Miſtakes, who make 
Motion or Nature an Idol, which they place in the 
Room of God, and to which they attribute every 
Thing, as to its neceſſary Cauſe. Whence it kappens, 
that while they think themſelves more knowing than the 
reſt of Mankind, they are really ignorant bath of God 
and his Works, and become Idolaters inſtead of reaſon- 
able Creatures. And indeed, what are Motion, and the 
Laws of Impulſe ? Motion is evidently nothing but the 
Body moved or diſplaced. The Strength of that Mo- 


My Father worketh hitherto, John v. 17, 
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Motion, and the Duration of it, are nothing but the con- 
tant Order and Qeconomy which God has preſcribed to 
himſelf, and according to which he regularly continues 
to preſerve and diſpoſe of every Thing. The Laws of 
the Claſhing of Bodies one with another, or thoſe of Per- 
cuſſon, are the ſame with the Decrees by which God has 
regulated theſe Claſhings. The Velocities of Motion 
are nothing but the Execution of his ſovereign Will: In 
fhort, the moving Force, the Nature of which Philoſo- 
phers are ſo much at a Loſs how to determine, is in rea- 
ality nothing but the Action itſelf of God, differently ap- 
plied or diſtributed with Oeconomy and Deſign. A Body 
moved continues its Motion in a direct Line, till it meets 
another Body : Not that, after having traverſed the Space 
of one Foot, it has acquired any real Force to go through 
a ſecond; but becauſe that Continuity of Motion, and the 


Alterations that happen in the Claſhing or Percuſſion, are. 


Conſequences of thoſe Laws by which Nature is regulated; 
and this Order ſubſiſts, becauſe God is faithful in the Ex- 
ecution of his Plan. But as he follows it with an intire 
Liberty, there is no manner of Neceſſity that Night ſhould 
be ſucceeded by the Aurora, or this be ſucceded by the 
Sun, Whoſe Arrival it foretels. I ſhould then argue with. 
as much Stupidity as Ingratitude, ſhould I ſee nothing 
more in the Aurora, than the four and twentieth Part ef 
daily Revolution, inſtead of adoring it in that free, effica- 
cious, and perſevering gracious Will, that reſtores us 
again from Nought and Darkneſs, in reviving the Light, 
and which, with the Day, renews the Service of all 
Creatures, for us. 

To this Fayour of the renewing of the World, the Au- 
rora adds another not far inferior. It gives new Life to- 
Man himſelf, in raiſing him from Sleep, which is the Image 
of Death. The Morning reſtores him to the Uſe of his 
Underſtanding, his Arms Talents, of which Sleep had 
intirely robb'd him. It warns him of the Time when he is 
to return to his Work. This indeed would not be the moſt 
agreeable of its Offices were Labour nothing but mere 
Pain and Trouble: But as it is the neceſſary Exerciſe of 
Virtue it is likewiſe the Source of true Happineſs. The 
Aurora comes on, without any Variation, or giving any 
Quarter, to declare the Hour of Labour. It lays — : 

er 
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under Conſtraint for his own Service: It ſtrikes vigorouſly 


on his Eyes: It has already taken the Care to make all 


his Servants get up. He, whoſe Charge it is to wake the 
reſt, has faithfully told them before-hand, their Maſter 
was ready to ſet out; and leſt Men ſhould find them aſleep 
at the Hour of his waking, the Cock has ſeveral Times 
repeated his Summons ; in ſhort, all moves according to 
Order. The reſt of the Bircs are in the Fields betore 
Man. They fill the Air with a thouſand pleaſing Notes 
that reach his Ears, till he is entirely awaked. The Beat 
of Burden and Cattle wait only for his Orders, and make 
themſelves ready to move on the firſt Signal. Man at 
laſt Jeaves his Bed and Houſe, and all attend him. From 
all the Villages within my Sight, 1 ſee Huſbandmen fol- 
lowed by their Horſes; T'ravcllers on Foot, in Coaches, 


or on Horſeback; Shepherds at the Head of their Flocks, 


and Workmen loaded with their Tools. 'The Roads, 
Bridges, Ports, Markets, and all publick Places, begin to 
ſwarm with People: All Mankind are in Action. The 
Aurora has declared the Hour of working: It is ſhe that 
cauſes this univerſal Mot on, 
But when I ſee Man ſet out for his 
The retiring of Work, with all the Animals that ſerve 
wild Beaſts, him, I am amazed to ſee ſome that chuſe 
that very Moment to retire to their Abodes, 
and which go to Reſt, or hide themſelves, inſtead of en- 
joying the Charms of Day-light. I don't mean thoſe me- 
lancholy Birds, who are ſcared by the Light; but I mean 
a great Number of Animals which are no Enemies to it. 
It I take my Eyes from the Plains, to obſerve what paſ- 
ſes at the Entrance of the Woods, I ſee here Rabbits re- 


tiring; then Wolves or Foxes; in another Place Harts and 


Hinds, follow'd by their Fawns; in ſome other Place 
wild Boars, attended by a Herd of their Young. Some- 
times a Deer or a Roe-Buck ; ſometimes other Animals, 
that are either cruel or capricious, but all of them wild 
and untractable. What can thus force them to retire? 15 
it the Light? No, ſure: That pleaſes them ſufficiently : 
They enjoy it as long as they can: They haſten not to be 
deprived of it. It is evident from their flow and often 
interrupted March, that they re- enter Darkneſs much a- 
gainſt their Inclinations: What then can thus drive _ 
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from the Plain, where they all find their Subſiſtance? Is it 
the Sight of Men? But theſe are very remote, and thoſe 
whoſhew themſelves are without Arms, or any other Cau- 
tion or Defence. One ings in getting ready his Plough : 
The other tries his Pipe, lying on the Graſs by his Dog, 
whom perhaps he has tied up: The Traveller purſues his 

ourney with the utmoſt Indifference: There is no manner 
of ill Deſign, nor any Declaration of War: Yet 
all theſe Animals get into the Woods, as well in thoſe 
Countries where there are no Hunters, as in thoſe in which 
they are moſt formidable and troubleſome to them. There- 
fore, it is not Terror which calls them together into the 
Woods. Were they frighten'd, they would run precipi- 
tately : Their Retreat would be a real Flight. How can 
Man not perceive, in this Diſpenſation, the Work of that 
Providence which ſubmits every thing to him? She has 
treated him as the abſolute Maſter and Proprietor of the 
Place he inhabits. When he is pleaſed to go out to viſit 
his Dominions, the wild Beaſts that are to ſerve him, with- 
out ſhewing themſelves, or being any way troubleſome or 
expenſive to him, leave him the Place free; and though it 
be more eaſy for them to find their Food in the Plain by 
Day than during the Night, the Aurora, by introducing 
Man there warns all wild Beaſts not to appear. They 
know the Hour and Signal, and 1 retire. An 
irreſiſtible and powerful Hand, in ſpite of them, drives 
them into the Foreſts, and the Lord of the Earth ſees 
now nothing that can any way interrupt his Work, or re- 
ſtrain his Liberty. 

The domeſtic Animals, and all thoſe that live near 
the wild, behave with Diſcretion. They never go, 
without Commands, to annoy them in their Soli- 
tude: They even keep from them with a kind of 
Prudence, and are ſenſible of the Danger of approaching 
them too near. They all know their Bounds, and kee 
within the Limits of their appointed reſpective Diſtricts. 
From this noble Oeconomy, in which Man has not the 
leaſt Hand, reſult a thouſand Advantages to us andus alone. 

As the Aurora riſes, we receive ſeveral 

The Winds and Other Benefits of a quite different Kind. 
the Morning The Sun had, during the whole foregoing 
Dew, Day, raiſed from the Surface of the Plains 
and 
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and Waters, a vaſt Quantity of Bubbles of rarefied Water 
and Air, and drawn them very far from the Earth. Thoſe 
that were laſt 1aiſed, had immediately fallen again at the 
going down of the Sun, and the withdrawing of its Heart, 
They had gathered again in their falling, and form'd the 
firſt Coolneſs of the Night, which is call'd Dew. But 
the other Bubbles, which in the long-continued Day had 
otthroughthe groſſer Air, and placed themſelves in Equi- 
Tbrio with the Upper-parts of it, in the ſuperior Regions, 
had remained ſuſpended therein during the Calm of the 
Night. At the Approach of the Sun, the firſt Efforts of 
its Heat beginning to affect the Air, grown cool and con- 
denſed, neceſſarily dilate it. One Quantity of Air, dilated 
by the Heat, puſhes another, which is reſiſted by a third. 
This Emotion of the Air becomes a Wind, ſometimes gen- 
tle, ſometimes cool, and as piercing as the North-eaſt Wind, 
The Atmoſphere is more or leſs agitated by it. The rare- 
fied Water is toſs d by theſe Shocks, that make it condenſe 
or gather again. Such is the Zephyr which the Aurora 
employs to carry before her the Dew, which becomes the 
moſt delicate Nouriſhment of Plants. The Earth drinks it 
in: The Leaves of Trees, like ſo many open Hands, bow, 
in order to receive it, and the Flowers open on all Sides to 
partake of that Treaſure. 'The Coming of the Aurora is 
to theſe Productions a moſt precious Moment, which, by 
inſinuating fo light and fine a Diſtillation into their Pores, 
conveys therein at the ſame time a thouſand Particles of 
Oil, Salt, and Air, which the Action of the Sun after- 
wards diſtributes through the whole Body of the Plant. 

* But let us not be ſo entirely taken up with the Good 
and Favours done to us as to forget to beſtow a Part of 
our Attention on the Delight that heightens them. I ſee 
the whole Circle of the Horizon gradually inflamed with 
the brighteſt Red. The Clouds every where contract va- 
rious and lively Colours. The Edgesof the thickeſt amongſt 
them become Fringes brighter | Silver: 'The thin Va- 
pours that croſs the Eaſt there become like Gold. The 
Green of the Plants, attenuated by the Drops of Dew which 
cover them, give them the Sweetneſs, and all the Luſtre of 


The Beauty of the Heaven at the Approach of the Sun, 


Pearls. 
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Pearls. But though Nature be extremely beautiful at | | 

that Moment; yet we are ſtill more attentive to what it }| 

makes us expect, than affected by what itlays before our | | 
| 
| 


Eyes. The perpetual Increaſe of the Aurora makes us 
ſenſible that it forebodes ſomething ſtill more perfect. It 
is a gentle Medium, which, by gradually gathering 
Strength, facilitates the Paſſage from Darkneſs to broad | 

Day-light. Each Moment adds ſomething to the fore- in 
going. We go from Light to Light. We long to ſee I 
the Fulneſs of it. What is granted to us for the preſent | 

yields no more than a Foretaſte, and makes us long for | 
what is the Source and Spring of it. The Hour is de- | 
termined, when it ſhall appear in all its Glory. The hap- is 
py Moment is near at Hand, but ſtill expected. | 
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T ATURE, at laſt, preſents us with its moſt glori- th 
ous Objects. The Sun riſes. One ſingle Ray at 
eſcaped from behind the Top of the Mountains, which be- 
fore intercepted the Sight of it from us, darts from one 
End of the Horizon to the other. New Tracts of Light 
follow. and give new Strength to the firſt. The Diſk of 
the Sun diſengages itſelf by Degrees: It now is ſeen in- 
tirely, -and aſcends the Heaven, with a majeſtic State, 
which attraQs and fixes all Eyes upon it. 
A few Moments before, I perceived an 
Its Unity, innumerable Multitude of Flambeaux on 
every Side: But the Light they all toge- 
ther yielded me, did not render the Earth viſible to my 
Eyes. They were indeed of ſome Uſe to make me diſtin- 
guiſh what was round me, at very ſmall Diſtances : But 


even among all theſe Fires I remain'd {till in the Dark. 
Now 
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Now in the whole Tmmenſity of the Heavens a ſingle 
Flambeau ſtrikes my Eyes, and it not only makes me 
amends for the Loſs of the other Lights, overwhelming 
them all by the Superiority of its own, but even over- 
ſpreads Nature with ſuch Splendor and Glory, as chan- 
ges the whole Face thereof. 

What then can this Globe be, which alone cauſes a ge- 


neral Renewal at the very Inſtant of its Appearance? In 


vain do I caſt my Eyes, and fix my Attention upon it: I. 
can by no means bear its Aſpect, and its inmoſt Nature eſ- 


| capes all my Reſearches. Is it a Globe wholly compoſed 


of Fire? What are the Fire and Light which it caſts from 


all Parts? Are the Light and the Fire but one and the 


ſame material Being? Or are they two diſtin&t Things 
which go together, and one whereof continually puſhes 
forward the other? How can that Globe operate ſo pow- 
erfully, and at fo vaſt Diſtances? How comes it, during 
the ſix thouſand ſucceſſive Years it has given Light and 
Heat to Nature, not to have loſt the greateſt Part of its 
Subſtance, by the conſtant Effluvia emitted from it? Has it 
then a Reſervoir that repairs all its Loſes ? Is there a per- 


| perpetual Circulation of Fire and Light, that inceſſantly 


replaces in the Sun what 1s uninterruptedly emitted from 
it? Or is the Action of the Sun no more than a powerful 
Freſſure of its Fires on the Body of the Light, ſo that that 
dr communicates its Action to us, without undergoing 
the leaſt Piminution or Lofs ? We ſhall, perhaps, here- 
after, expure the mo/. plauſtble Anſwers that can be made 
to theſe {ublime Queries. Let us for the preſent confine 


ourſelves within what is paſt all Diſpute, and inform our- 


ſelves of what may be relied upon with Certainty, on the 

Meaſure, 1iftance, and Operations of that Globe. God 

at prefont hides from us nothing but what is uſeleſs or dan- 

gerg as; and it would be acting contrary to our Intereſt, (to 

Wi..h God has proportion'd the Knowledge he gives us 

0: hs Works) ſhould we reject the Truths he reveals to us. 

G.ometrictans have a way equally plain 

and ſure to meaſure inacceſſible Bodies. Irs Diſtance 

When they know the Meaſure of one Side ænd Size. 

and two Angles of a Triangle, they quick- 

determine the Quantity of the third Angle, and the 

Length of the two other Sides. Or, when two Sides and 
Vo I. IV. D On 
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one Angle are known, they immediately find out the other 
two Angles, and the unknown Side. By this Skill, about 
which I ſhall in another Place have an Opportunity of 
entertainin ou. it is, that they daily inform us, what 
the exact Height of a Tower or Hill can be, without 
aſcending it; what the Depth of a Well, without going 

down to the Bottom of it; and the Breadth of a River, 
wichout coming near the other Shore. In like Manner 
Aſtronomers know how to deſcribe a Triangle, of which 
they know one Side exactly, which repreſents the Semi. 
diameter of the Earth. They, beſides, know the exact 
Meaſure of the two Angles form'd upon that Side, by 
two Lines that meet together in the Center of the Sun. 
Thus they know the exact Meaſure of the two Sides that 
repreſent the Diſtance of the Earth from the Sun. By 
theſe, or ſome other no leſs certain Operations, they judge 
of and determine the Magnitude of the Stars. I is true, 
the Obſervations of the Moderns have greatly ſwell'd the 
Calculations of thoſe that were before them; which is a 
Proof, not that this Science is frivolous, but that the In- 
itruments therein made ule of every D: y acquire a new 
Degree of Perfection. However as a ſingle Minute, or 
even a Part of it added or retrenched, immediately makes 
a Difference of ſeveral Hundreds of Thouſands, or even 
Millions of Leagues; let us take the groſſeſt Calculations 
and Sums that can have no other Fault but their being 
inferior to the Reality of Things. Thus we ſhall run no 
Paik, but that of ſetting on the Works of God a Price 
interior to their true V alue, and avoid the Danger of ad- 
12:r:ng a Beauty that is not in them, or any Thing extra- 
ordinary, of the Exiſtence of which we may not be ſut- 
fciently aſiured. 

There is now no Aſtronomer but knows by evident 
ra aud by the plaineſt Calculation, that the Sun 1 
moſt a u ion of 11mes bigger than the Earth. Let us 
. be contented with aſlerting, that the Maſs of the 
a kuydred thouſand times bigger than that of our 
2, Beſides which, there is no Aſtronomer that 
C023 nut judge the Sun to be diſtant from us above ye 
tboufand Limes the Breadth of a Diameter of th? 
Eartli. 
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And as tha: Diameter * is above three thouſand of our 
common Leagues long, taking only two thouſand Fathom 
for each League, if we multiply 5000 by 3000, we are 
ſure that the Sun is above fiſteen Millions of Leagues di- 
ſtant from the Earth, We ſhould be frighten'd at the 
Thought of what the moſt learned and molt exact Aſtro- 
nomers, in their Calculations, add to theſe Meaſures. 
Me, Caſſini and Newton judge the Diſtance of the Earth 
from the Sun to be ten thouſand Diameters of the Earth, 
which makcs thirty, or even thirty-three Millions of 
Leagues. If I confine myſelf to the Half of the Product 
of their Calculations, notwithſtanding the Exactneſs and 
Regularity which no body can refuſe to aſcribe to theſe 
great Men; of courſe I ſhall not be ſuſpected of any In- 
tention here to augment the Marvellous. 
ro be made the more ſenſible, what a prodigious Space 
that Half ſtill is, imagine to yourſelf a Horſe, and a 
Cannon ball, that ſtart from the Earth in order to get to 
the Sun, and continue their Way with a ſteady Pace 
without any Faintneſs or Interruption. Let us ſuppoſe 
the Horſe to make his Journey of 25 Leagues a 
Day; and the Ball to go through the Space of an 
hundred Fathom every Second. In multiplying 28 
Leagues by 365 Days, the Horſe would make 9125 
Leagues in a Year. After having travelled at this 
rate ſor 1550 Years, he would yet have made no more 
man 14143750 Leagues. The Ball that goes through a 
8 Space of one hundred Fathom in a Second, would make 
6o Times as much in one Minute, that is, 180 Leagues 
every Hour. This would make 4320 Leagues a Day, 
and 1576800 Leagues a Year, Thus the Ball, after ha- 
ing conti inued its Motion for nine Years run ing, yet 
would have gone through but 14191200 Leagues. It 
nine Years are not ſufficient to the Caunon- ball: If fifte-a 
Ages and more, are not enough for the Horſe to ar. ive at 
D 2 the 


* The Diameter of the Earth is 28564 common Leagues long, the 


Half. Diame ter being, according to the Calculations of the Gentlenen of 


the Academy of Sciences, 1432 Leagues, of 2:82 Fathom each League, 
vieh makes a Produce of 6525548 i athom: That i is, at leaſt one VIsI- 
Lon and a half of Fathoms more than in the Calculation we have choſen 
to go by tor the Conveniency of the Reader; which Calculation is the 
note certain here, on account of the Meaſur: being taken fo little. 
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the Sun, according to our Calculation, which falls ſo very 
ſhort, nav, which is not even Half of what is demon- 
rab! Y known, and Matter of Fact; at what Period of 

im would they arrive, were they to complete the juſt 
1 which eſcapes our Sight, and which may be con- 
ſiderably lengthen'd for one ſingle Third or Fourth of a 
Minute, which neither cur Eyes, nor any of our Inſtru— 
ments are able to take in ? 

This Diſtance, which ſurprizes us, is however very 
inconſiderable, in Compariſon of that we afterwards ſha] 
find between the Earth and the Planet Saturn; between 
the Moon and the fx'd Stars; between one Star and 
another. 

But that he, who diſpenſes Exiſtence at 
T — aj his Will, and 1s abſolute Maſter of Mat- 
- that Situa- ter, ſhould multiply, extend, inlarge it, and 
m_ add a kind of Immenſity to his Works, is 
not properly what ſurprizes me; or at leaſt my Amave- 
ment is chiefly founded on my own extreme Littleneſs, 
But what aſoniſhes and affects me with much greater Kea- 
ſon, is to ſee, that notwithſtanding this my extreme Lit- 
tleneſs, a Hand, no leſs benevolent than maſtery, has 
vouchiafed to regulate that Diſtance by the Advantages I 
was deſignꝰd to receive from it, and has placed the Sun, 
with regard to the Earth on which I was lodged, at ſuch a 
Diſtance, that it wight be near enough to warm me, and 
ſuſſiciently removed {om it not to ſet it on fire. 

The fßery Rays that proceed from a Globe of Fire, a 
hundred thouſand, nay, a million times bigger than the 
Earth, mult needs have an inconceivable Activity and 
Force, io long as they remain cloſe to one another, and 

at, av it were, in Concert. They aſterwards mult ne- 
ceſtarily be divergent, that is, more and more diſtant from 
each other, as they advance from their common Center 
towards the vaſt Circumference which is inlighten'd by the 
Sun; and their Force diminiſhes in Proportion to their 
Diſtance at the Extremities. This Divergency of the 
Rays of Light may be eafily conceived fiom the Emblem 

of the Spokes of a Wheel, which are very cloſe at the 
ave whence they ſpring ; whereas towards the Fellows 
pr Jannts, where they end, they become more diſtant, as 
he Circle of thoſe Jaunts enlarges. 
Our 
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Our Earth, had it been placed in a Point in which theſe 
Rays would have been ſtill too numerous, and too near 
e:ch other, could never have borae their burning Heat. 
lad it been placed farther off towards the Extremities of 
ne ſolar World, it wonld have received from it but a 
aint dim Lizht, infuficient for its uſual Productions. It 
ftands in that very Place, hee it is ſecured from all thoſe 
[1convementces which it had to fear, and within the Reach 
of all the Advantages and Eleflings it could deſire. 

In vain ſhould we pretend not to admire? this fine Or- 
der, by looking upon the exit Situation of the Earth as 
a neceflary Effect of Gravity, and of the mutual Attraction 
of Bodies. Thoſe, who talk of Attraction and Gravita- 
tion, may poſhbly underſtand themſelves: But did the 
Gravity, which if we grant regulated che Place of the 
Earth, form likewiſe the At noſphere which ſurrounds it? 
You already know the Artii;ce, Mechaniſm and Structure 
thereof; Another Obſervation will nniſh your Conviction, 
whether it is the Fall of a wandering Dutt attracted or 
preſs'd, that has form'd the Earth in the Place it actu- 
ally fills, and thrown a traniparent Atmoſphere between 
her and the Sun; or a ſpecial aid perfectly free Will, that 
has for the Good of Man regulated the Structure of the 
Earth, its Diſtance from the Sun, and the Correſpondence 
of our Atmoiphere with that Star. 

Imagine with yourlelf the Earth to be expoſed to the 
Pays of the Sun, as a Ball to the Light of a Flambeau. 
There can be but one half thersof iniighten'd. Let us 
call the uppermoſt Point of the Ball Paris, or P; and the 
undermoit New Zealand, or NZ; becauſe the Southern 
Land is not very remote from the Point of our A4:tipodes. 
The two lateral Points, which are at equal Diſtances from 
the foregoing, we ſhall name Eaſt and Weit; the one on 
tie Left mark'd E, the other on the Right mark'd V/; 
and the Line that joins them, or that encompaſſes the 
Globe at an even Diſtance from P and NZ, let it be 
call'd the Horizon, Being, as I am now, at the Point P, 
hich is the Center of my Horizon; if the Sun was over 
my Head, the Half of the Earth, which it would in- 
lighten, would exactly be that which is terminated by the 
Line of my Horizon; and the inferior Hemiſphere would 
remain totally darken'd. Now the Sun is riſing, it is at 
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the Point E, and remote from P by a whole Quarter of a 
Globe. Ihe Half it lights, being the Width of two Qua- 
drants, exactly terminates at P on the one Hand, and at 


N EZ, which is near our Antipodts, on the other. Being at 
P, I then am on the Porder of that Halt which the Sun 
inlightens. Its immediate Light ends and dies at my 
Feet, and at that Moment I can reach no {arther. The 
Sun would otherwiſe light more than one Half of the 


Globe. The Border cf the inlighten'd Ilalf forms a Line 
that divides my Horizon into two Parts; that on the 


Left towards E is wholly inlighten'd; the other on the 


Right towards V muſt neceſſarily be totally dark; ſo that 
at that Moment my Above mutt be partly black, partly 
white. As the Sun aſcends, the Line, which ſeparates 
Night from Day, will incline farther towards the Right , 
and there ſucceſſively ſhew me new Objects. But when 
the Sun ſhall have got over the Point, at which it gives me 
Mid day, the more it ſhall decline to the Right V, the 
more the Half it lights will be engaged under the lower 
Hemiſphere toward N Z, and the left Side of my Horizon 
will ſoon be cover d by a horrid Darkneſs, that ſhall, till 
Sun-ſet, increaie ſo as to take from me the Sight of one 
Half of the Horizon, But at the very Moment of its 
getting under the Horizon, all the Light I enjoy'd from 
the Point P, or from my Feet to , ſhall on a ſudden be 
taken from me, ſince it can no longer reach to me. 
This muſt be a neceſſary Conſequence of the immediate 
Irradiation of the Sun on the Earth. Why then does it 
not happen ſo? If I freely enjoy the whole Compaſs of 
my Horizon, not only when the Sun has once glanced upon 
the Borders of it, but even a great while before it arrives 
thereat, and a long time after it has withdrawn from it; 
if the leaſt Portion I can have of its Light is eaſily diſtri- 
buted through my whole Habitation ; to what am I in- 
Cebted for fach a Favour? Ts it to the Sun? No: 'I his 
can never inlighten more than what it ſees, and there is 
no one Inſtant at which it can ſee more than one Half of 
the Globe. Is it to the Nature of Light itſelf? Not at 
all: Its Motion is direct, and can light nothing in thoſe 
Meanders, into which it penetrates not directly. The 
Atmoſphere, which is placed between the Sun and the 
Earth, does alone produce this noble Work. x n9 
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ſooner can bend the leaſt Portion of the Rays of the Sun 
on one Horizon, but it overſpreads that Horizon with it. 
When the Sun itſelf arrives at that Circle, the Atmoſphere 
prevents its Light from being divided there by Fourths 
or Thirds, or, as it were, ſparingly diſtributed. It am- 
pliftes its Utilities: It is commiſſion'd to improve its Fa- 
vours, and not to ſuffer in any Part of the Garment 
wherewith it cloathes the Earth, the unpleaſant and diſ- 
cordant Sortment of the Night and the Day, drawn near 
and patch'd up together. 

The Sun and the Atmoſphere do then act in Concert 
for Man; and theſe two wonderful Inſtruments, though 
ſeveral Millions of Leagues diſtant from each other, mu- 
tually, and with a kind of Intelligence, aflift one another 
in the Diſtribution of the Day. Here you have no At- 
raction, or Gravity, nor any phyſical Cauſe that may 
have produced ſuch a Work. Certain particular Laws 
might maintain, but could have never produced it, 'The 
Frame and Diſpoſition of both theſe Pieces, fo evidently 
made for each other, are owing to the {ame divine Will 
that placed Man within the Reach, Uſe, and Benefit of 
them. 

We have already perceived the expreſs and evident 
Will of God, in the Union of the Sperm and the Pro- 
viſion of the firſt Food, under the ſmall Cover of the 
Egg of a Mite, or that of a Handworm. We found an 
expreſs and particular Will and Determination, not only 
in the Structure of each Plant, but even in every the 
minuteſt Seed thereof. We ſind again the Character and 
Marks of an expreſs Will, full of Tenderneſs towards us, 
in all the numberleſs Bleſſings which God multiplies from 
Vear to Year, and from Day to Day, both upon and with- 
in the Earth. But with What Splendor and Magnificence 
does that Will ſhew itſelf in the Beauty of the Sun, and 
in the juſt Proportion of Size, Diſtance, Action, and 
Uſefulneſs, that has been eſtabliſn'd between that and 
the Earth. 

God ſeems, without ſhewing himſelf as yet, with great 
Care to have united, in that noble Star, all the Strokes 
that might beſt repreſent to us the divine Perfections. 
Like God, it is ſingle. The grandeſt and moſt glorious 
Cbjects ſeem to dwindle and vaniſh in its Preſence. It 
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ſees all: It acts through all: It gives Life to all. Thus, 


aſter the Earth has, in an infinite Combination of man- 
ners, teſtified and demonſtrated that Wiſdom, which for 
our ſake did ſo liberally inrich every Part of it, the ſame 
Wiſdom breaks out in the Heavens with an infinitely 
greater Majeſty. 
The Heavens, more eſpecially, Ce. 
Pſal, zix. Clare the Grandeur and Glory of God, 
Nothing iv more proper than the 
Firmament, to manifeſt Col in his own Handy-work, 
Each Day commiſſions the following to deciare God to 
us: Every Night to the following leaves the Care of 
pointing our Maker to us. The Inſtructions, Which 
the Heavens afford us, are not a Speech or Language 
barbarous or foreign to us. They arc not weak Sounds 
difficult to be heard. The Voice of the Heavens is fami- 
liar and intelligible: It is ſtrong, ſonorous, and unwearicd: 
It reach from the Heavens to the Earth: It is convey d 
from one End of the World to the other: There is no 
Nation, nor Man on Earth, that does not underſtand it; 
the whole Univerſe is inſtructed. 

But the Sun alone teaches us better, and affects us 
much more than all the Beauties the Heavens can difpliy 
to our Sight. The Heavens are merely like a Pavilion * 
to the Sun. The Veils rickly imbroider'd, which ſeem'd 
to take from us the Sight of that Star, are removed when 
it advances towards us: They are withdrawn, and he 
alone remains viſible. He is a young Bridegroom com- 
ing out of his nuptial Chamber, to ſhew himſelf on the 
ſoſemneſt Day of his Life. His Splendor is then full of 
Mildneſs. All admire him at his Arrival. All Eyes are 
fix d on him; and he makes himſelf eaſy of Accel to 
them all, in order to receive their firſt Salutations. 
But he is commiſſion'd to convey the Heat and the 
Life, as well as the Light, every where. He haſtens 
to diſcharge this important Office : He darts more and 
more Fires as he aſcends: He paſſes fiom one End 
of the Heaven to the other, and runs his Race like a 
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3, ſtrong and indefatigable Wreſtler : He enlivens what- | 
ever he lights. There is nothing that can either be 1 
2" WH hid from his Light, or ſubſiſt without his Heat; and 4 

ie 


by his penetrating Fires he reaches thoſe very Places 
1 which are inacceſſible to his Rays. 
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HE Operations of the Sun may be reduced to 
K three. It inlightens ; it colours; it heats. It ſuc- 
ceſſively lights the whole Earth, that Man, and the Ani- 
mals, which ſerve him, may walk in the Light of that 
Flambeau, when it caſts it on them; and go and take 
their Reſt when it conceals itſelf, and no longer gives 
them Light. It not only inlightens, but alſo colours the 
Objects: It diſtinguiſhes them, ſo that they may be 
known without any Confuſion, Diſpute, or Delay: In 
mort, the Sun, beſides procuring Light and Colours for 
us, conveys Heat and Motion every where, gives Life 
to Man, and perpetuates all the Supports of it which 
have been placed near him, both without the Earth, 
and within its Bcwels, 
We 
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We mean not here to mention the more 

or leſs lively Sentiments which we experi- The Nature 

ence from the Preſence of the Sun, or of à of the Light. 

great Fire. This, like all other Impreſſi- 
ons, can no where exiſt but within ourſelves. It is con- 
ſtantly dependent on what ſtrikes our Eyes: But theſe are 
two different Things, one of which is a Conſequence of 
tie other. The ſame” Senſation may ſubſiſt within us du- 
ring our very Sleep, and independent of any outward Im- 
preiſions. Our Searches run ſolely on corporeal Light; 
on that Subſtance which aſſes our Eyes, and whoſe Im- 
preſſion is followed by another, which affects the Soul, 
and informs us of the Preſence, Diſpoſition, and Form of 
Cbjedts. The Cauſes of that Light wherewith God in- 
ſluences our Souls, and that of the Light which affects 
cur Eyes, ſeem to me equally ſuperior to cur preſent Un- 
cerſtanding. But as God is pleaſed to let us know, at 
leaſt by inward Senſe, a Multitude of Truths concerning 
the Nature of our Souls, and its Affections, without 
franting us the Knowledge of all the reft ; he likewile is 
Peaſed to ſhew us a Part of the Workmanthip, where- 


with he, for our ſakes, puts the outward Light in Mo- 


ton. Let us then eagerly lay hold of what we are al- 
low 'd to know of it. Our true Happineſs, even in this 
preſent Life, is to become grateful, in Proportion as we, 
advance in the Knowledge of God's Ways. What then 
mall we be, when we ſee Light in the Boſom of Light 
ttelf ? 


Nothing is plainer, nothing more agreeable to Scrip- 


ture, to the Hiſtory of the Creation, to Reafon and Ex- 


ferience, than to look upon Light as an intermediate 
Fluid, which not only extends from the Sun to us, but 
{0 fills the whole Univerſe, and without changing its 
lace by a ſucceſſive, though extremely ſwift Preſſure, 
conveys the Action of our Sun to the very Spheres 
of the Stars, as that fluid tranimits the Impreflion and 
Sight of the Stars themſelves in the Sphere of the Sun. 
The Wave of a River communicates, to a great Diſtance, 

a lingle Impulſe, or one ſeveral times reiterated. The 
Undulations of the Air carry ſtill quicker, and in all Di- 
rections, the Motion cauſed in that Air. Hence every 
one will eaſily believe, that a thinner, lighter, and more 
active 
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active Fluid, (let the Nature of Fluids in general be What 
it will) may in a few Minutes convey the Impulſe of the 
ſolar Matter, which preſſes it, very far, and render the 
Preſence and Influence of that Star ſenſible at prodigi- 
ous Diſtances, 

The Body of Light, conceived as an immenſe Liquid, 
always ſurrounds us, but is not always puſh'd down to us. 
It is only conſtantly ready to ſerve and inform us, at the 
very firſt Shock it ſhall receive from the Sun, from a Con- 
flagration, a Flambeau, or a ſingle Spark. That Fluid is, 
indeed, puſt'd by the Sun, and by all inflamed Bodies, 
but is neither the Reſult or the Effe& thereof, The 
Light then may have been created before the Sun, and 


the Stars as it were have been immerſed in it in ſuch par- 


ticular Situations, as to make them correſpond by the 
Communication of the Motions they cauſe therein. Thus 
all the Spheres are involved in Light: There they ſwim 
or roll according to the Limits preſcribed and appointed 
them. The Light retains them all in their Places, and 
makes them viſible and uſeful to each other. Shall we 
then wonder at Me/zs beginning the Recital of God's 
Works from the Creation of the Body of the Light, of 


that immenſe and equally precious Subſtance, in which 


the Spheres were to make their daily and annual Revolu- 
tions, and which was to be the Baſis, or 1ather the Bond, 
of all the Parts of the Univerſe ? 

But might we not have ſome reaſonable Conjecture on 
the Nature of Fluids founded on Experience ; fo that by 
the Application which may be made of it to Light, the 
underſtanding of the Effects it produces might be render d 
eaſy and iutelligble to us ? 

It is plainly remark'd of all Fluids, as Wa- 
The Nature ter, Oil, melted Metals, and others; Firi, 
of Fluide. "Chat all the Parts thereof are diſunited ; that 


they eaſily roll one over another, and are always ready to 


vield to the firſt Impreflion. Secondly, that all theſe 
Parts have a certain either inherent or borrow'd Activity; 
which cauſes them mutually to preſs each other every way, 
as if they were ſo many ſmall circular Springs, always in- 
clined to dilate or fly out on every Side; ſo that as much 
as one puſhes the other, by ſo much it is reciprocally 
paſh'd thereby; the Force of each of which being eqva,, 
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they counterbalance each other, and remain all in a per- 
fect Equilibrio. | 

This ſecond Property of Fluids is the moſt eſſential: It 
is that which diſtinguiſhes them. A Heap of Corn, or of 
Sand, as well as one of Water, is made up of ſeparate 
Parts, which eaſily yield to all Impreſſions. They, ne- 
vertheleſs, are no Fluids; becauſe the Parts, of which 


they conſiſt, have no ſort of Activity to preſs each other 


every way. Do you force your Hand into a Buſhel of 
Corn or Sand; the Grains are removed on each Side. 
They have a certain Gravity which precipitates them 
downwatds, ſo long as they are not ſupported : But they 
no ſooner reſt upon one another ſhelving, as it were, but 
they remain at reſt, and have no manner of Force again, 
to get into and fill the empty Place that has juſt been im- 
preſs'd in the Maſs. It is otherwiſe with Fluids. If you 
put your Hand, or a Stick down to them, that will be 
1 Preſſure and extraneous Force, which comes more or 
leſs to diſcompoſe the Equilibrium of that Fluid. The 
firſt Parts that are preſs'd bear againſt thoſe that are next 
to them all round. Theſe having a Motion greater than 
before towards one certain Part, ſhare it with thoſe which 
are farther off on the ſame Side. This Motion actually 
being, or always inclining to be made in the way of a Vor- 
tex, commuicates itſelf all round and every Way ; and 
this orbicular Communication extends very far, becauſe 
one Particle impels two others next to it. Theſe two ftrike 
againſt four that are more remote, and the four puſh the 
eight that follow. What we ſee done on one Side, is at 
the {ame time done on all others; and thus the Equili- 
brium of the whole fluid Maſs is diſcompoſed by a ſingle 
extrancous Shock. But this Diſcompoſure always leſſens 
in proportion as the Number of the Particles, among 
which it is divided, increaſes. On the orher Hand, the 
natural Activity of thoſe Particles, (all which I for a Mo- 
ment {ſuppoſe to have a Spring acting every way) meeting 
with a Reſiſtance ſtill greater and grea: er, and leſs Liberty 
on the Side towards which they are puſn'd, they are im- 
mediately repell'd by others, and repreſs'd themſelves, 
both by their own Elaſticity, and by the contrary Efforts 
of the whole fluid Maſs tending towards that Place from 
waich they were firſt removed. 

But 
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But how ſha'l we conceive that the Particles of a Fluid 
have a Spring aCting every way ? If they tend one way, 
it is progreſſively : How then is it poſſible they ſhould tend 
towarcs the oppoſite, and every other Side at the ſame 
Time? So ſoon as they are puſh'd towards one Place, 

muſt they not of courſe recede from all the 
SecLarecher- reſt? Father Mall ranch has ſupplied us for 
che de la re. that Purpoſe with a Piece of Mechanics, very 
ee. plain and agreeable to the Action of all 
Eccl. 16, : , X . 
Fluids; viz. to conceive all their Particles, as 
being ſo many {mall Vortices particularly rol- 
See the Phy- ling on their own Axes, and made up of 
fical Lectues f , 
of M. Privat Other Particles, that endeavour in circu— 
de Molieres. lating to deviate from their common Center. 
It would not be ſufficient with Mr. Deſcartes, 
to conceive the Parts of a Fluid, and thoſe of Light in 
particular, as ſo many ſmall Globes, or as hard and in- 
flexible Whirligigs, lightly circulating on their own Axes. 
Theſe being inflexible, and without any Elaſticity, would 
likewiſe have no manner of Influence on each other; be- 
cauſe the Particles, of which they are compoſed, are at rel: 
among themſelves, and ſtrive not to ſeparate. Lines made 
up of theſe hard Globules rank'd together, would be like 

a Stick, which being ſtruck at one End, at the ſame time 
is ſtruck at the other. And this is contrary to Experience, 
which ſhews, that the Progreſſon of Liquids and of Light 
is ſucceſlive ; whereas, if thei: Globules of Air, of Fire, 
or of Light,“ are themſeſves made up of other diſunited 
Particles perpetually wh::l'ing round an Axis or a Line 
that may be imagined in them, it will be an eaſy Matter 
to conceive how theie Spherales mutually puſh each other, 
in ſtriving to dilate the:nſclves, and to widen every way. 

Experience ſhews, that any moved Body has always a 

Tendency to advance in a ſtrait Line, unleſs it be diverted 
and driven afſice; and never follows a circular Line, but 
from the Conſtraint put upon it by the ſurrounding Bodies, 
which perpetually force it out of the direct Line. This 
may be proved by two Inſtances. When a Child puts a 

Stone in a Sling, he no ſooner ſets it in Motion, but it 

Nell perpetually endeavour to Hy off from the Hand that 

gives it Motion. It will inceſſantly, and with very great 

Force, puſa againſt the Bottom of the Sling: It will ſtretch 
the 
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the Strings; and as ſoon as one of them is let go, the 


Stone will get away in a Line. which would be ſtrait, did 
no: Gravity perpetual'y alter the Direction of it. 

When a Singing-boy puts Fire into his Cenſer; as ſoon 
as the Machine with the Coals are in Motion, inſtead of 
falling through the Holes or on the Cover, which is often 
in ſwinging turn'd downwards, they on the contrary tend 
upwards, when the Cenſer riſes: They preſs againſt the 
Bottom of it, and perpetually endeavour to recede from 
the Hand which 1s the Cauſe and Center of their Motion. 

If then the Particles, of which the Globules of a Liquid 
conſiſt, have all an Inclination to recede from their Center, 
they will be moved circularly, for want of Power to fol- 
low the ftrait Line, by reaſon of the mutual Obſtacle they 
are to each other. They will perpetually endeavour to 


part from, and mutually ſtrike againſt each other. From 


the mutual Preſſure, and Equality of the Force of all 
theſe Globules, mutt needs follow an univerſal Equili- 
brium among them. Hence proceeds the orbicular Im- 
preſſion of every Motion that chances to trouble that 
equal Balance: Hence the Reſiſtance of the whole fluid 
Maſs: Hence its returning towards the Place from whence 
any of its Particles have been removed. 

Thus we may eafily conceive, why a Drop of Water, 
Mercury, melted Gold, or any other Liquid, always 
takes a ſpherical Form. All the Particles of that Drop 
have an Inclination to recede from each other: But the 
equal Preſſure of the incompaſſing Air detains and forces 
them to move in a circular Line: Therefore it is they ga- 
ther in Form of a Pail. Hence we underſtand, why two 
Drops of Liquor no ſooner touch each other, but they 
gather in a ſingle Drop. Though theſe two Drops ſhould 
touch one another only in a ſingle Point, they preſently 
would become flat, and preſs each other in that Point. 
Herein the Circulation of the Globules is brokenand con- 
ſtrain'd. They therefore endeavour to recover the Free- 
dom and Action of their Spring. Their Action is not di- 
rect, becauſe they meet with a Reſiſtance in the Thickneſs 
of the Drop, not to be overcome; whereas they are leſs 
reſiſted towards the Intervals that ſtill ſeparate the two 
Drops a ſmall matter. All the confined Globules will 
then tend toward theſe empty Spaces, where they £nd 


leail 


64 DIALOGUE VII. 


leaſt Reſiſtance. They will at laſt fill them ſo, that tlie 
Motion, which is univerſal in the two Drops, will be 
made in a circular and uniform manner, by the circular 
gathering of the two Bodies into a ſingle one. 

Thence we may conceive, that as a Veſſel preſſes on 
the liquid Maſs which is under it, ſo all the Globules 
of the Liquid preſs, and reciprocally act againſt the Veſ- 
ſel; and this floats on that without ſinking, when the 
Force, which makes the Veſſel heavy, and that of the 
reſiſting Liquid are equal and in Equilibrio. We may in 
the ſame manner conceive the Reaſon of the Rarefactions 
or Dilatations of a Fluid ; as of boiling Water or Coffee, 
or of frothing Wine. There is another more active Fluid, 
as Air or Fire, which has inſinuated itſelf into the Inter- 
ſtices of the Globules of the firſt, and ſuſtains or even 
diſperſes them by the Superiority of its Force. 

Thence again may be deduced the Reaſon of the Diſſo- 
lutions, Ebullition, and Efferveſcences, that happen by 
the Mixtures of ſome cold Liquors, Salts, and other 
Matters. The Activity of the Vortices is different in every 
liquid Body. The Exceſs of the Strength of ſome over 
that of others, may therein occaſion a rapid Motion, that 
will leſſen in proportion as the whole Maſs ſhall come near 
to the Equilibrium. And the Activity, which is inſepar- 
able from them, ſhall render them capable of ſeparating 
ſome Salts or certain Metals, and of ſuſtaining a certain 
Quantity of them on the Circumference of the Globules. 

Now, if we apply this Structure of Fluids to the Light, 
we may conjecture, that the Matter, of which the Sun is 
made, being the molt active of Bodies, that large Globe, 
by revolving on its own Axis, and endeavouring to dilate 
itſelf on every Side, or perhaps in darting its Flames from 
the Center to the Circumference, and bringing them back 
again from the Circumference to the Center, ſhocks, 
ſtrikes againſt, and perpetually ſcatters on every Side the 
vait Fluid of Light which ſurrounds it; and that the 
Strokes. which the Light receives from it, are felt at the 
very Spheres of the Stars; making thus on all Sides an 
inconceivably ſwiſt, though ſucceſſive Undulation. We 
eaſily conceive, that the Force of that Preſſure always 
leſſens in proportion to the Diſtance ; and conſequently, 
that the Light acts much more powerſully on the Planets, 
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nearer to the Sun, than on thoſe that are more remote 
from it; and finally, that the univerſal Reſiſtance of the 
Fluid, to the Strokes of the ſolar Fires, makes it perpe- 
tually flow back towards the Sun, that continually puſhes 
and is reciprocally puſh'd by it; which keeps the Sun in 
the ſame Place, and hinders it from waſting, 

Sure there is in the Structure as well as in the Action of 
thoſe Fluids, an Artifce infinitely ſuperior to theſe poor 
Conjectures. But they nevertheleſs help us, in ſome little 
meaſure, to be conſcious of a Truth equally affecting and 
certain, viz. That if theſe Powers, inſtead of mutually 
deſtroying each other by their terrible Claſhings, do on 
the contrary preſerve, maintain, and counterbalance each 
other, in a manner which conveys Order and Beauty every 
wizcrez of courſe there is no one kagle Particle in thoſe 
Fluids, but what has been weigh'd in a Balance, in order 
to proportion and adapt its Shape to the adjacent Particles. 
None but what has received a determined Form, its ex- 
act and preciſe Meaſure of Activity. 

Now let us ſee what the Maſs or Bigneſs 
of an Atom or Globule of Light may be. e Global * 
Ihe Creator having deſign'd to take the or Atoms of 
Dimenſions of it, what we may conceive Light. 
thereof, well deſerves that we ſhould beſtow 
a little of our Attention upon it. You eaſily judge of the 
Lifference there is betwixt the Body of the Air and that of 
the Water, from the Difference of their Waves: And as 
the Vibrations of the Air or Sounds are communicated ſe- 
veral hundred times quicker than the like Agitations of 
tie Water ; we thence conceive, that Air is ſeveral hun- 
dred times thinner and more active than Water. If then 
Light, as Experience ſhews, croſſes a Space of ſix hundred 
thoutand Leagues almoſt as quickly as Sound traverſes 
over two or three thouſand Fathom ; the Globules of 
Light muſt needs be fix hundred thouſand times fner and 

nore active than a Particle of Air, which nevertheleſs eſ- 
capes our Sight, though aſſiſted by the beſt Microſcopes. 

But let us leave off Calculations, always tireſome, and 
oftentimes uncertain. We have a much plainer Method 
tor meaſuring a Particle of Light. Obſerve in the Mi- 
croſcope one of thoſe Animals which are found in Water, 
in dummer-time, after one has infuſed Pepper _— or 
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Flour, or any Plant whatever. In a few Days, the Egg: 
of thoſe Inſects are hatch'd therein, ſome of them being 
already on the Plants or Fruits put in the ſaid Water to be 
diflolved, and others being laid in the Water by the Mo- 
ther, which ſearches in the Air and by the Help of ſmelling 
for a proper Place to lay them in. Theſe minute Worn 
are very often a thouſand times ſmaller than the molt im- 
perceptible Mite ; fince the Microſcope ſhews us thouſands 
of them in a Drop of Water, which is ſmaller than the 
minnteſt Grain of Sand. What can be the Size of ſuch 
an Animal? What the ſeveral Fluids of which his Eye is 
made? What will the fore-thorten'd Image of the Objects 
repreſented in the Bottom of uch an Eye be? Now that 
Image is made up of the Extremities of an infinite Num- 
ber of Rays of Light. What then can be one Globule of 
that Light? And if each Globvle is a Vortex made up of 
{mall Particles, which all have an Inclination to diſtend 
themſelves every way, and which loſing a little of their 
Equilibrium by an extraneous Preſſure, cauſe at the Bottom 
of the Eye of that living Creature a Vibration proportion'd 
to its peculiar Wants; what is this but an Abyſs of Di. 
minutions in the Forms of Elements, as well as in thoſe of 
compound Bodies? An Abyſs of Proportions in the Mo- 
tions that are leait underſtood, and of Wonders in what is 
hidden as well as in what is perceived. 

How much ſoever beyond the Reach of our Senſes, the 
Structure and Dimenſions of the ſmall Particles of Light 
may be; yet may we make ſome tolerable Judgment of 
it, by comparing its Action and Effects with thoſe of ſome 
more perceptible Elements. There are indeed in the 
Works of God Differences that characterize them all: 
But there is at the ſame time a Ground of Analogy, which 
intimates the Unity of the Artificer. What a Variety is 
there in Animals? Nevertheleſs, they all have a Heart, a 
Quantity of Blood, a Stomach, Lungs, or Parts equivalent? 
What a Variety in Plants ? Vet all have a Seed, and Fa- 
rinze, or vivifying Duſts, to make thoſe Seeds fruitful. All 
animated or living Bodies diſter in ſome part! icular : But 
at the ſame time they all agree in the main, by ſome kind 
of Reſemblance ; and wherever that is wanting, we judge, 
and are ſure, that it is no longer a living Creature that wo 
behold. We thereforeare in the W ay of Truth, when ob- 
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ſerving Light to act in the Manner of Fluids, we ſuppoſe 
it to have ſome Reſemblance with other luids. And as 
nothing has as yet ſeem'd more proper to account for the 
Equilibrium of Liquors, than to conſider their Particles as 
ſo many Globules, which mutually preſs each other, 
by the Equality of the Efforts which each individual Par- 
ticle of thoſe Globules makes, in order to recede from the 
Center round which they revolve ; by this Means we may 


frame to ourſelves a Notion of the Nature of Light, and 


thence deduce the Manner in which it is communicated, 
f you put a Wall, or any other groſs Body, in the Way 
of Sound or Air agitated by the Voice, the Air is ſtop'd 
and there reflected. If you oppoſe a Wall, arch'd ac- 
cording to certain Rules, to the Sound of an Inſtrument, 
ſeverai Lines of Air, that ſhall be rellected from the ſeve- 
ral Points of that Bend, will meet in one and the ſame 
Point ; ſo that the Ear, being exactly at that Point, ſhall 
hear eight or ten Violins inſtead of one. The Wave that 
is form'd on the Surface of the Water of a Pond, meeting 


a Pier, Bank, or any other Obſtacle, is ſtop'd ſhort there. - 


It then ſhrinks back, and retires on itſelf, and the Por- 
tion of its Circle, which remains imperfect, and as it 
were cut by the Bank or Pier, is completed on this Side, 
and in a contrary Direction, though in a weaker Degree, 
occaſion'd by the Reſiſtance of the Wall whence it is re- 
tected. The Emotion of the Air and the Water com- 
municates itſelf a ſmall matter into the Windings, and 
behind the Bodies oppoſed to the direct Line; but this 
Emotion, being diverted and changing its Direction, ſoon 
alter becomes inſenſible. In ſhort, every Fluid, which re- 
ccives any Impulſe, or outward Preſſure, loſes thereby a 
Part of its Equilibrium, and the Agitation cauſed therein 
i; diſtributed through the whole Maſs, ſpreading on every 
Side. But as the ſaid Agitation is, as it were, more ſtrong- 
ly felt by the Particles which are firſt moved, and always 
leis and leſs by thoſe that are the remoteſt, the Communi- 
cation of that Impreſſion at firſt is ſtronger, then weaker, 
and diminiſhes in proportion to the Degree of their Re- 
moteneſs, and of the Windings that break the direct Im- 
puion, Nay, if ſeveral Motions are at once given to 


*The ſame Thing may be obſerved in the Court before the Caſtle of 
Cenette, a Place two Leagues diſtant from Roan in Caux. 
the 
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the Fluid; if you give it ſeveral reiterated Blows, and in 
contrary Directions; all theſe Waves will perhaps inter- 
ſet and mutually weaken each other, but never be blend. 
ed or totally deſtroy d. Ali the Noiſes and Cries of any 
publick Place reach the Ears of all thoſe that live near it, 
and all the Voices, whether ſtrorg or weak, in a Con- 
cert, ſtrike the Ears of every Liſtener. But the moſt pre- 
dominating of them is always diſtinguiſh'd, as the briſk. 
eſt Bow of the Concert is heard above the reſt. 'The ve- 
ry ſmalleſt Impulſe, cauſed in the Water of a River, ſhall 
regularly be diſtributed all around, and the largeſt Waves 
ſhall not be more real for their being better perceiv'd. 

Thus the fluid Body of the Light being (though in an 
infinitely more active and ſwifter manner) ſtruck by the 
enormous Shocks of the Sun whirling on its own Axis, re- 
ceives from it ſuch an Agitation as reaches to the very 
Spheres of the Stars. But to the End that this Fluid 
may appear there what a Star appears here below ; that 
15, to the End that one Stroke of the Sun may carry its 
Impreſſion far beyond ſeveral thouſands of millions of 
Leagues, the firſt Motion of ſuch a Wave muſt needs be of 
an inconceivable Violence near the Body of the Sun. This 
Motion of the Light, compared to the higher Billows of 
the Sea, muſt needs be what the foaming Sea itſelf is, in 
compariſon of a Pond, whoſe Surface rimples under the 
Breath of the gentle Zephyr. 

But here I am greatly miſtaken. The flight Depth of 
the Ridges which that gentle Breeze has impreſs'd on the 
Water of the Pond, and the Height of the Surges which 
the Sea toſſes on high, may be meaſured and compared to- 
gether: But when we are to meaſure the Diſtance be- 
tween the Sun and a Star, or to calculate the proportional 
Decreaſes of Light from the very Beginning of its Waves, 
to the Places where they ceaſe to act; it is then that Geo- 
metry and Arithmetic fails us. But then theſ2 were given 
us to meaſure round us merely thoſe things that bear any 
Relation to us, the Proportions and Limits of which may 
be found. 

This conjectural Explanation of the Nature of Light 
is, methinks, the more delightful, becauſe it is grounded 
upon the uniform Conduct, which God has oblerved in 
the Action of all Fluids: It is agreeable to the 1 of 
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Light; and nothing ſcems to me more capable of rectify- 


in ing the Miſtakes we almoſt all of us fall into, on the Na- 
r- ture of that wonderful Element. 

d. We have, in our Infancy, contracted a falſe Notion of 
by the Light, which we have much ado to get rid of in an 
t, advanced Age. As we ſee Objects, without perceiving a- 
n- ny thing between them, and us; the whole Interval, which 
re- ſeparates us and them, appears to be nothing but a vaſt 
ſk Vacuum, and we fancy that our Eyes have of themſelves 
yes the Power of ſeeing what is before us, without the ne- 


all ceſſity of having any Body to be puſh'd or reflected from 
ves Wl theſe Objects toward our Eyes. Much leſs do we ſuſpect 
that Space to be fill d with a Subſtance ſufficiently active, 


an to be reflected from every Object towards every Eye which 
the ſtall preſent itſelf; fine enough to penetrate through them, 
re- and diſtributed, as it enters them, with a Regularity ſuffi- 
'ery cient to form any Picture therein. But though this Er- 
uid Wi ror be of but ſmall Conſequence; yet the Intention of 
tat hirn, who created the Light, not being that every one of 
its us ſhould inquire into the Nature of it; but rather, that. 
of ve should uſe it with Gratitude; yet when we fit down to 
e of review our firſt Notions, and endeavour to judge of Things 
This as rightly as we can, then have we a thouſand Ways to 
's of Wl contract this innocent Miſtake. 
in We naturally, and without the Help of much Reflecti- 
the en, are preſently convinced of the Exiſtence of the Air; 
and we acknowledge the Reality of it, becauſe we hear 
h of the Noiſe and feel the Impulſes thereof; though an infi- 
1 dle 


thy nitely wife Oeconomiſt has placed, beyond the Reach of 
nich our Sight, the Particles of the Air which ſurround us. So 
1 0- Wl i: it with the Body of Light, which, though incomparably 
 be- lncr, yet is it no leſs eaſy to know, with full Certainty, the 
onal Preſence, and Extent, and Properties of it ; ſince the Dif- 
ave”, WW icrenceof its Way through Air and Water may be diicern'd 
Geo- BY and fince we can exactly mark the ieveral Points which 


wen the Light ſhall arrive at, in paſſing through a triangular 
an) Prim, or a hollow Glaſs, or through a lenticuiar Maſs 
ma) of the ſame Matter. Muſt we not therefore be G vinced 


3 that our diſtinguiſhing the Motions of Light, our mak- 
ut ing uſe of its ſeveral Progreflions, and our preſcribing even 
ned the exact Point on Which we would have it fail, is to us a 
d n WW «:c:t Aſſurance that it exiſts round us, and is at cur com- 
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Another Miſtake, which we have already prevented, iz 
to believe that Light reaches us by a local Motion, or by it 
real falling on the Object, and on the Eye; ſo that the Rays, 
which, for Inſtance, make me diſcern (when I am on Pont. 
royal) the Figure of King Henry IV. on Horſeback in the 
Middle of the Pont-neuf, muſt have croſs'd the whole Space 
betwen the Sun and the ſaid Figure, and then by a ſecond 
88 muſt have reach'd my Eye from Bridge to 

ridge. 

No. The Thing is quite otherwiſe effected. We live 
in the Fluid of Light, as Fiſhes do in Water. When no- 
things agitates the Water, the Fith never feel it: So when 
nothing agitates the Light, neither do we feel it. But how 
comes it, that the Fall of the Net, which a Fiſherman has 
uſt caſt, has put to flight a Fiſh, which was far enough 
from it? Have thoſe Parts of the Water, which the Filkcr 
has ſtruck, been tranſported from Place to Place as far as 
the fiſh? Not in the leaſt : But the Preſſure on theſe has 
deſtroy'd the Equilibrium of thoſe that were more remote. 
Theſe again have ſtruck againſt the following, which have 
Thock'd others; and the News of the Danger has thus 
reach'd the Fiſh, not by the Tranſportation, but by the 
Preflure of the Particles of the Water. When therefore we 
ſay, that from the whole Maſs of the Atmoſphere, a Mul- 
titude of Rays of Light fall on the Head of King Fry IV. 
and that theſe Rays which come upon it from all Sides, 
daſhing every Way therefrom, croſs the Air, and traverie 
the Eyes of the Spectator, it is an improper and incorrect 
way of ſpeaking, authorized however by Uſe, and which, 
being reduced to exact Truth, mult be underſtood of a 
quick, though ſucceſſive, Preſſure made in the Fluid, with- 
out having.the Parts of it conſiderably diſplaced ; and this 
Diſplacing is lets in proportion as the Remoteneſs of the 
luminous Body is greater: Juſt as we ſee the Water ſtrong- 
ly agitated under the Oar of the Waterman who moves it, 
which a great way off finds but a gentle Shock, leſſening 
every Moment. It is by theſe Lines of Preſſure, either 
immediately proceding from the luminous Bodies, or re- 
flected from the Objects, that we maintain a Correſpondence 
with what is about us upon Earth. By the Help of thee 
Lines puil'd from above, and reflected from the Point 0: 4 
Needle, as well as from any Platform, twelve or Kr - 

hundre 


— - wa ng «= 


e 71 


hundred People, ſhall be able to receive the ſame Point, 
is from ſeveral Places, at one and the ſame Time. It is b | 
Its ſuch Lines that we have a Correſpondence with the Stars, | 
and with the whole Heavens. I he Activity of that Pref. 
ſure, which has its Original either in the Stars, or in | 
ſome flaming Body, is diſtributed into large Waves, which | 
are cut by all the Points of every Object that happens to it 
croſs their Paſſage. The Portion of that Wave, which 6 
is reſlected on a Point, is communicated round about, and f 
as it were unravel'd into other ſmall Rays, each of which 
mecting with ſome new Object, ſuffers a new Diviſion. 
\!] theſe Reflections and Attenuations are ſenſible in the 
Light, and convince us of its perpetual Preſence, and of 
its extreme Mobility. It ſubſiſts always the ſame : But 
the Preflures, it has undergone, always leſſen from one 
Reflexion to another, by new Subdiviſions, as from A to 
B, from B to C: And when at laſt it is reſtored to its 
State of Equilibrium, it then has no longer any Influence 
over us, It ſurrounds without ſtriking us, and is no more 
than Darkneſs, 
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AVING thus made the requiſire Diſtinction be- 
tween the Impulſion of the Fire of the Sun, and 
the Activity and Spring of the vaſt Fluid of the Light; 
let us now unite what we before divided: Let us nos 
make them concur, and for the future look upon theſe 
two as one ſingle Agent, whole ſeveral Impulics, ac:ng 
every way in ſtrait Lines, may be properly diſtinguiſh 
by the Name of Rays. 

All theſe Strokes rapidly continue, and per; etuaily re- 
peat the fame Courſe towards the Extremities of the 
Sphere. They even reach to the Spheres of the other 
Stars, but are attenuated in the Immenſity of the Spaces 
they go through, and at laſt are extingu:{h'd or abſorb d 
by the ſuperior Impulſion of thoſe other luminous Bodies. 


If they meet with any maſly Bodies that croſs the Linn of 
their 
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their Directions, then it is, that theſe Rays produce the 
great Effects for which the Creator inceſſantly ſends them: 
For they either are reflected, that is, ſent back by theſe 
Bodies, and ſhew them us more or leſs luminous; or they 
pervade, paſs through, and render them tranſparent; or 
m a Word, they are abſorbed by them, and loſe their 
Direction there; ſo that theſe Bodies remain in their na- 
tural State, that is, opaque, or without Light. 

There is no one Body, whether fluid Thc Refgexions 
or fix'd, that does not partly reflect, and of Light. 
partly admit the Light. All Bodies are ' 
made up of Parts divided by Pores,. and of impenetrable 
Elements. All is not porous in them; and after the 
ſmalleſt Pores, which we ſhall call the leaſt Order of 
Pores, there are of Neceſſity ſome ſolid Parts, that will 
ſtop the Paſſage of the Light. It then ſhall be partly ad- 
mitted into certain Apertures, proportion'd to its Size or 
Form, and partly ſtop'd by the ſolid Parts, on which its 
Spring being preſs'd cannot but return. But 1t not only 
bounds on 1mpenetrable Parts ; it may be as much, and 
perhaps, more abundantly reflected by the Fluids, that 
may chance to be on the Surfaces within the Porzs and 
Interſtices which divide the ſolid Parts. For Inſtance ; if 
Fire was a fluid Element diſtinguiſh'd from Light (a Point 
which I do not examine at preſent into) when lodged in 
maſly Bodies, it would be very apt to cauſe Light to be 
reflected there, neceſſarily repelling one Spring by ano- 
ther. The Air, whoſe Elaſticity is fo well known, may 
in its Turn contribute to the ſame Effect. Water, Oil, 
and other Fluids that are diſperſed through all Bodies, 
may as well, and perhaps better than the ſolid Elements, 
multiply the Reflexions of Light; and the Benefit of that 
e conſiſts in its rendering Bodies viſible to our 

yes. : 

The moſt compact Bodies, ſuch as Salt, The Refractions 
Cryſtal, and Diamonds, are wholly inter- of Light, 
ſperſed with Pores, and muſt every Way 
admit ſo fine a Body as that of Light. But whenever 
Light paſſes out of a ſolid Body, the Particles of which are 
in Repoſe, into a Fluid, as Water, or into an Elaſtic, 
as Air, it changes its Direction. The ſame happens, 
when it paſſes from a Fluid into a hard Body, or even from 

Vor. IV. R 8 


— 


74 DIALOGUE VIII. 

one Solid into another of different Make and Structure. 
The Ray is there bent, and deviates more or leſs from it; 
Direction. This Bending is what they call Refraction; 
and to convince you of the Variety of the Ways, which 
Light takes in paſſing through new Mediums, I ſhall pro. 
pole to you no other than the two moſt common Inſtances, 
and thoſe moſt expoſed to every Eye. Pray, call to ind 
the Form which a Stick half dipt into the Water ailumes, 
It ſeems broken ; becauſe the Rays, that return from the 
immerſed Part of it, coming into the Air, follow not the 
ſame Direction they had in the Water You may likewiſe 
remember, that when you draw back from the Rim of a 
China Bowl, till you can no longer ſee the Flower-baſket 
painted at the Bottom in 4, ſhould any one pour Water 
into the Bowl, though you do not change your Place, 
you then plainly ſee the Flower-baſket in 4; and the Wa. 
ter ſhall þe no ſooner ſucked up with a Reed, but the 
Baſket ſhall again diſappear. When the Water is gone, 
you ſee the Baſket no longer; becauſe the Rays that g0 
from it to the Borders of the Bowl, paſs above your Eye 
in a; Whereas, when the Water is in the Bowl, the Ray, 
paſſing from the Water into the Air, bends and is lower'd 
ſo, that it meets not the Top of your Forchead, as it did 
before, but your Eyes, which then perceive in B whats 
in reality hidden, with regard to them, behind the Edges 
of the Bowl. 

A Deſire of bringing the important Services of Light to 
Perfection, has cauſed Men carefully to ſtudy the Fe. 
flexions and Refractions of it. They have explored all 
the Paths, and the moſt delicate Variations of it, and 
found out, either in the Boundings, or in the Bendings of 
the Light, Rules ſo conſtant and ſteddy, that they have 
been made a moſt certain Science, and an Art produflive 
of a thouſand uſeful Contrivances. To this Study we are 
beholden for the making and cutting of Looking-glalics, 
of Jewels, or of Glaſſes cut facet and table-wiſe, hollow, 
relievo, &c. of reflecting and refracting Teleſcopes, and 
of an amazing Multitude of other Inſtruments fit to affit 
Aſtronomers, and the common Uſe of Sight. As Optics 
3s no leſs engaging, by the Clearneſs of its Principles, than 
by the Excellency of its Effects; I have it at heart, ous 


Lay Cr other, to collect for you the fineft Parts of it: But 
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the Order of our Diſcourſes obliges us, for the preſent, ts 
be contented with the two Laws which Light invariably 
follows, which are the Foundation of the moſt curious 
Things that can be ſaid about it, and of which we ma 
be informed by the bare Teſtimony of our Senſes. The 
one belongs to Reflexion, and the other to Refraction. In 
both Caſes, an imaginary Line is ſuppoſed to fall perpen- 
dicularly on the Surface of the new Medium into which 
the Light enters. 

The Rule of Reflexions conſiſts in know- Thy Rule of 
ing, that Light, falling perpendicularly on Reflexions, 

a Surface, returns again from it in a per- 

pendicular Line : but that, when it falls thereon obliquely, 
it bounds back from it on the cantrary Side with the like 
Obliquity from B to & and from A to a: Or, which is the 
ſame Thing, that the Angle of Reflexion is equal to the 
Angle of Incidence. 

Ihe Rule of Refractions conſiſts in know- he Rule of 
ing, Firſt, That Light, which enters a Me- Refraftions, 
dium perpendicularly, ſuffers ao Bending 
there, and proceeds onward according to the ſame Direc. 
tion, Secondly, That when it paſſes obliquely from 2 
rarer Medium into a denſer, it deviates a ſmall Matter 
from this Obliquity, as it goes through the Body of the 
Medium,”and inclines towards the Perpendicular. Third. 
ly, That when it paſſes from a groſſer or denſer Medium, 
into one that is leſs compact or more rare, as out of Glaſs 
or Water into the Air ; it deviates from the Perpendicular, 
and inclines a little to the Surface of the lighter Medium. 
We ſhall perhaps, one Day or other, look into the phyſi- 
cal Reaſon of theſe two Rules, and the Reaſon why the 


Refraction of Light is juſt the Reverſe of that of ſolid Bo- 


dies: For, a Stone, obliquely thrown into the Water, 
deviates therein from the Perpendicular, inclining a little to- 
wards the Surface; whereas, when obliquely flung from the 
Water into the Air, it deviates a little from the Surface of 
the Water, inclining towards the Perpendicular. But all 
that can be imagined, on the Reaſons of theſe Motions, 
will never be either ſo {ure or ſo ſatisfactory as theſe two 
Principles, which are Matters of Fact. The Application 
of them takes in all that is ſufficient for us to know, in 


order to vary the Uſes of Light according to our Wants. 
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Te Cauſe of Here the famous Queſtion of the Opa. 
Gz acity. city of Bodies naturally offers itfelf. What 

can be the Cauſe thereof? It is already 
difficult enough to conceive how a Body, ſo hard and ſo 
compact as a Diamond, is every where open to admit the 
Light. But it is much leſs conceivable how Wood, ſo 
porous as Cork, is not a thouſand times more tranſparent 
than Cryſtal. It 1s no leſs difficult to give a Reaſon, why 
Water and Oil, which boch are tranſparent ſingly taken, 
loſe their Tranſparency when they are beaten together: 
Why Champaign Wine, which 1s as bright as a Diamond, 
loſes its Splendor, when the Bubbles of Air dilate, and 
raiſe a Froth within: Why Paper is opaque, as long as 
it has in its Pores nothing but Air, which is naturally {6 
clear, and the {ſame Paper becomes tranſparent, when its 
Pores are fill'd with Water or Oil. 

Almoſt all Men, and Philoſophers as well as the Vul— 
gar have a Prejudice, that a Body is opaque and dark, 
becauſe it does not admit the Light into its Pores, and that 
this Light would appear therein, did it go through it. 
But let us renounce this Error. The firſt Elements ex- 

*<pted of which Bodies are made, there is not perhaps a 
ſingle Body in Nature, but what is acceſſible to and pene- 
trable by the Light. A Spherule of Air will yield a Paſ- 
ſage to it, provided it does not enter too obliquely. It 
goes through Water and other ſimple Fluids. It pene- 
rates the ſmall Laminæ of Gold, Silver, and Copper, 
vhich are divided and ſufficiently attenuated, to be in E- 
quilibrio with the corroſive Liquors in which they are put 
to diſſolve. Bodies which appear the moſt ſimple to us, 
as Sand and Salt, are tranſparent. Even Bodies which 
are a little compound, eaſily admit the Light, in Propor- 
tion to the Uniformity and Repoſe of their Particles. Glaſs, 
Cry#al, and above all, Diamonds, are Compounds of 
tardcly any thing but fine Sands, and of a few more or 
leſs fine Salts. Wherefore they are a very little Obſtacle 
to the Paſſage of Light, It is otherwiſe with a Spunge, 
© Slate, or a Piece of Marble All theſe Bodies which we 
call opaque, when between the Sun and our Eyes, admit 
indced the Light, like ſo many Sieves: But they divert it, 
they blunt it, and ſenſibly hinder it from reaching our 
Les. What then is there in them, which can m a 
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Light an Alteration it does not undergo in ininitely more 
compact Bodies? This Diſorder, if it be one, proceeds 


from the Variety of the Pores, and the Diverſity of the 


Principles of which the Body is compounded, Recall to 
your Mind what we juſt advanced; that Light, when it 
falls on a Surface, is partly admitted, and partly reflected 
from it. Secondly, you know that it bends many different 
Ways, in ali the various Mediums it paſſes through. Let 
ns begin to apply our two optical Rules. The firſt Be- 
nefit, we ſhall thence receive, will be a very plain Expla- 
nation of the Opacity of Bodies. 

If a Body be made only of uniform Particles, as Water 
and Diamonds are, the Portion of Light admitted therein 
ſnall in an uniform Manner pals through the Maſs of that 
Body. There are the ſame Particles every where, and 
every where the ſame Diſpoſition of Pores : That Path 
mall conſtantly be the ſame to the oppoſite Extremity, 
where the Light may afterwards ſenſibly come out. 

But if the Body, which the Light enters into, is made of 


very diſſimilar Particles, ſuch as the Laminæ of Sand, of 


Lemon, Oil, Fire, Salt, and Air; the Globules and La- 
mind of theſe Elements being of a different Denſity, aud 
of different Situations, the Light bends and is reflected very 
varioully on them. It deviates from the Perpendicular in 
entering into a Particle of Air, and inclines towards the 
Perpendicular, when it enters into- a Lamina of Salt. The 
ſeveral Obliquities of the Surfaces it enters from one Inſtant 
to another are a new Source of Meandrings and Attenuna— 
tions. Even the boring of a Body witi a great Number 
of Holes in every Direction, is ſufficient to make it loſe 
its Tranſparency. Jewels loſe theirs in a great Meaſure ; 
Fire makes a kind of Sieve of them; becauſe Light ſuffers 


there too many Reflexions, and winds upon ſo many Sur- 


laces, all differently inclined ; whence it happens, that it 
cannot in an uniform Manner go through and reach the 
Eyes of the Spectator. 

Opacity proceeds then from the Diſorder of the Reflex- 
bas, and from the Windings of Light, occaſion'd by the 
% great Variety of Pores. Of this you have a well known: 
lInſtance in Coals, in which the Fire makes Millions of 
'aMages, which the Microſcope renders viſible. A Coal. 
wits into it much — Light than the Diamond: But 
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it diverts and abſorbs that Light in the Pores, and on the 
numberleſs Surfaces oppoſed to it, which break it within 
the Maſs, inſtead of reflecting it truly towards the exterior 
Surface, or of tranſmitting it, in a regular Track, tothe 
oppoſite Extremity. Hence it appears, that there is no 
Body, that receives inwardly ſo much Light, and ſuflers 
10 little of it to paſs directly to the oppoſite Extremity, as 
the blackeſt and moſt burnt Bodies. | 

Opacity again proceeds from the Variety of the Tracks 
of Light, cauſed by the Multiplicity of the elementary La- 
ming of which Bodies are made. All theſe Laminæ, taken 
ſeparately, are tranſparent ; but when mix'd, they jo va- 
riouſly bend the Light, that they deſtroy the Direction 
and Senſation of it. The ſame happens to Oil and Water 
beaten together. It is likewiſe obſerved in Champaic: 
Wine, when it is drawn from the Cellar, and the preis d 
Airitoontains begins to feel the Heat and Communication of 
the external Air. It dilates and ſuſtains the Liquor on its 
widening Globules; ſo that the Light, bending perpetually 
and in a Manner quite different in the Laminz of the Wine, 
and in the Bubbles of the Air; it can no longer make itſelf 
ſenſible through the Liquor. 

It is the Variety of the Inclinations of the Surfaces, to- 
gether with the Diverfity of the Refractions, which cauſe 
an Opacity in dry Paper, and in unpohſh'd Glaſs. The 
mall Intervals, which divide the Fibres of the Paper, are 
A1l'd with Air: The Furrows, which have been drawn on 
the Glaſs, either by rubbing it with Sand, or by grinding 
it, are fo many hollow Places and Pits, which are fill'd 
with Air. The Light, which in paſſing from the Gla!s 
into the Air of theſe Furrows has been bent there, falls 
on the Borders of thoſe hollowPlaces, whence it is reflect- 
ed towards our Eyes : But then it ſhews us the Surface 
which reflects it truly, inſtead of making the Glaſs appear 
tranſparent, in ſhewing us what is beyond that Surface. 
If you fill the Hollows of the furrow'd Glaſs, or the Pores 
of the Paper, with Oil or Water; the Light, in paſſing 
from the Laminæ of the Rays of Paper, or from thoſe of 
the Glaſs, into the Water which fills the hollow Places, 
there inclines to the Perpendicular. It follows an almoſt 
uniform Way, both in theſe Laminæ, and in the Liquor: 
It is leſs turn'd out of its Way, than if it ſhould find thoſe 
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Cavities full of Air: Conſequently a greater Number of 
Rays of Light muſt reach our Eyes. | 

From all thoſe Inſtances, you ſee, Sir, that there is not 
ene Body but what is naturally tranſparent ; and it ceaſes 
to appear ſo, only when the Light is diverted or alter'd, 
either in the Irregularity of its Pores, or the Variety of the 
Particles, eſpecially of the Fluids, which bend it in a quite 
different Manner. And this is ſo very true, that if the 
moſt opaque Bodies, ſuch as Wood or Marble, are reduced 
into very thin Laminæ; then the Light, having not as 
yet loſt its firſt Direction, yields therein a ſmall Degree of 
Tranſparency. This may be remark'd in a very thin 
ivory or wooden Leaf of a Table-Book, when applied to 
the Hole of a Window-ſhutter, through which alone the 
Light was admitted into a Room. It may be ſeen likewiſe 
in the Laminæ of Iſinglaſs or Talc, in Allum, in Ala- 
baſter, and in many Stones, which, being in their Nature 
leis mix'd with different Principles than other Bodies, be- 
come tolerably tranſparent, when made thin, ſo as to be- 
come a kind of Glaſſes to us; which was very much in 
vie among the Antients. Again, this may be agreeably re- 
marked in that fine and delicate Plait of the Kobe of one 
of the three Graces whom Germain Pilan has placed in- 
ſtead of the three Virtues, in the Chapel of Orleans, at 
the Celeſtine Monks of Paris, to ſupport the Urn deſign'd 
to receive the Heart of King Henry II. If the Spectator 
ſtands ſo as to have that fine Groupe between the Win- 
dows and his Eye; then the Marble is ſo artfully faſhion'd 
in the Drapery of one of the Figures, that it has the 
Tranſparency and Delicacy of Cloth, 

After having, with a general View, conſider'd the Im- 
pulſe of the Sun on the Fluid of Light; the Communica- 
tion which is made of it round about according to ſtrait 
Lines; the Weakening and Diminution of that Impulſe, 
when Light is reflected by the Occurrence of Bodies, and 
divided in proportion to the Number of reflecting Sur- 
faces; its various Bendings in tranſparent Mediums; and 
at laſt the vaniſhing of it in Bodies wherein it is diverted 
out of its direct Way, and which thereby become opaque 
let us now trace it in the Eye. The Eye is the Go 
where it is appointed to reſort; and for the Eye it was 


made. 
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The ſeveral Cauſes which may either miſlead or weak. 
en the Rays of Light, and hinder them from reaching our 
Eyes, are eaſily difcern'd : But is it poſſible to know what 
its Operations are when it comes thirher ? 

As Light is deſigned to inlighten the Eye ; the Struc- 
ture of that noble Organ is intirely diſpoſed according to 
the Nature of Light; and it is becauſe this is bent ſeveral 
Ways, according to the Variety of the Mediums it pate; 
through, that the Eye was divided intothree Partitions, jill" 
with three different Humours, and {o diſpoſed, as to unit: 
at the Bottom of the Eye the Ravs, which, without that 
Artifice, could never arrive thither in good Order. The 
Plan we have propoſed to ourſelves obliges us to defer to 
another Time the geometrical Meaſures of all theſe Tracks: 
But it is an eaſy matter, without this preciſe Exact neis, to 
make you ſenſible of ſome Parts of the Wonders of Viſion. 

The Eye is a natural Teleſcope, of the Form of a Ball, 
ſomewhat longiſh in the Fore-part, and which the Creator 
has ſuſpended by ſeveral Muſcles, to direct it according to 
our Neceſſities. Theſe, as well as all other Muſcles, {hort- 
en as they widen, and lengthen when they contract. One 
is deſign'd to raiſe the Eye: A ſecond to lower it: Two 
others are appointed to bring it by Turns towards the Noſe 
and the Temple: A fifth, which ſlides within a cartilagi- 
nous Ring, like a Cord over a Pulley, and is faſten'd to 
thè Globe of the Eye in two Points, makes it roll about at 
Pleaſure. A ſixth lies under the Eye, and is deſign'd with 
the utmoſt Gracefulneſs to temper and reſtrain within pro- 
per Bounds the Action of the reſt, which might otherwiſe 
be exceſſive and ſhocking. In ſhort, there are a Multitude 
of different Pieces of Mechaniſm, which artfully aſſiſt each 
other, to make the Eye advance forward, retite, and move 
every way; ſo that a ſingle Eye is to us as uſeful as a 
thouſand, by the ſurprifing Variety of its Situations. 

But the Action of a vait Number of different Springs 
is neceſſary to open or ſhut the Eye, to make it advance 
or draw back, to widen or contract its Orbit; in ſhort, to 
govern it according to the Exigency of Occurrences. Is it 
Man that governs the Motions of it? Ts it the Eye itſelt 
that turns ſeaſonably and ſignificantly ? Or is it God, who 
conſtantly and regularly performs the whole, according to 

certain 
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certain fix'd Laws, by which he has proportion'd and ſub- 
mitted the Action of the Organs to our Deſires ? Man 
knows neither the Organs nor their Functions; and when 
by his reiterated Searches he comes to perceive the Effects 
thereof, or becomes able to diſtinguiſh them at leaſt by 
their Names, it is always without underſtanding the Struc- 
ture or Action of them. How then can he aſcribe to him- 
ſelf the Government of his Eyes? We are deſirous to ſee: 
This is all the Share we are allow'd to have in the Opera- 
tion of our Eyes; and we are free from the Management 
and Care of all the reſt. Neither is it the Eye, which is 
endow'd with the neceſſary Intelligence, to level itſelf tog 
wards the Objects, in the manner which is the quickeſt, and- 
yet the propereſt to make it receive jult and faithful Im- 
preſſions thereof. It is then God alone who has ruled, 
and who regulates the various Motions of our Eyes by our 
Neceſſities ; as it is he alone, who knows the Workman+ 
ſuip of them. Thus he operates, as in the Eye, ſo in all 
the other Organs of Senſation, a thouſand different Ways, 
which Man receives the Benefit of, without ever being. 
able to underſtand the Execution of them: And yet Man 
ſometimes aſks, where is God, and why he keeps at ſo 
great a Diſtance from him? | 

The Hand which has ſo well placed the Eye, and made 
its Spring dependent on our very firlt Orders; nay, often 
on our very Wants, without waiting for our Commands, 
and eſpecially without perplexing our Underſtanding; that 
Hand, I ſay, commands our Admiration ſtill more, in the 
Fitneſs and mutual Correſpondence of the Pieces of which 
tis Spying-glaſs is inwardly, compoſed. We have as yet 
ieen only the Carriage and Supports of it. 

in orde to give you an Idea of what is done at the Bot- 
to of the Eye, without making the Anatomy of it, which 
1 am for the preſent to avoid; let us frame-a rough Imi- 
tation of an Eye. Cloſe the Window-ſhutters-of a Room, 


7 
: 


and fit a Tube of Paſte board, of a Foot long to a Hole 
that looks towards {ome publick Square. The Pipe muit 
he four or five Inches in Diameter, and cloſed next the 
Square with a Convex Glaſs of five or ſix Inches Focus, 
that is, WHICH unites the Rays at the Diſtance of live or 11x- 
Inches, and the Edges of which you muſt have cover'd 
| E 5 vith- 
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with a ſmall Circle of Paſte-board, to hinder a too great 
Quantity of Light from entering. You are to introduce 
into this firſt Pipe, a ſecond, cover'd with a fine Vel- 
lum, or a Piece of Ox-gut or of Bladder, tied on the 
End which goes into the firſt Pipe. If in the Middle 
of the publick Place, into which your Window looks, 
there ſtands a Figure on Horſeback, or a Pyramid ; Jet 
us chuſe out three Points of the Pyramid, one in the 
Middle, one at Top, and the third below, in order to 
judge, from theſe three, of all the other Points which 
likewiſe reflect the Light. The Light from all Sides, 
or from all Parts of the Atmoſphere, falls upon theſe 
three Points: It is of courſe thence reflected every Way. 
For you know that the Reflexion is equal to the Inci- 
dence; therefore a Bundle of Rays proceeds from the 
Middle of the Pyramid, and falls on the lenticular Glaſs 
faften'd to the Window-ſhutter. What falls on the Mem- 
' brane and beyond it does not concern us. Of all the 
Rays which fall on all the Points of the Glaſs, that, 
which falls directly on the Middle, goes through the 
Glaſs and the Tube without any Inflexion : This then 
goes exactly to the Middle of the Vellum. Thoſe of 
the Bundle of Rays, which are ſomewhat oblique with 
regard to the latter, meeting a Surface of the Glaſs al- 
Tcady inclined a ſmall matter, bend there and incline a 
I ttle to the Perpendicular. By this Means, they draw 
nearer that of the Middle, and meet on the Vellum at 
the {ſame Point. Thoſe, which fall farther towards the 
Edges of the Glaſs, are more oblique, and are received 
on a more inclined Surface. There they will bend 
in proportion, and that Track, being more conſiderable, 
again brings them upon the Vellum, at the ſelf-ſame 
Middle-point ori which the perpendicular Ray fell. All 
theſe Rays gather'd in a ſingle Point, ſtrongly paint in 
the Middle of the Vellum the Middle of the Pyramid, 
The Bundle of Rays, which from a Point arrives in 
widening on the Glaſs in the Form of a Sugar-loaf, may 
be call'd a Cone of Rays; and on the contrary, the 
Bundle of Rays, which irom the Glaſs where they have 
been bent, go and gather in a Point on the Vellum, we 
will call a Pencil of Rays; becauſe a fingle one would 


produce 
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produce on the Vellum too weak an Effect; whereas all 
theſe Rays gather'd from one Point of the Object on 
ane Point of the Vellum, there very ſtrongly mark out 
one of the Points of the Image to be form' d thereon. 

From the Point that terminates the Top of the Py- 
ramid, imagine a like Cone of Rays falling on the Glats: 
The ſeveral Parts of that Cone bent in proportion to 
their Obliquity, will all meet together in a Pencil, the 
Extremity of which ſhall neceſſarily fall on the lower- 
moſt Part of the Vellum. On the contrary, there a- 
ſcends, from the Foot of the Pyramid on the Glaſs, a 
Cone of Light, which ſhall gather into a Pencil- point 
towards the uppermoſt Part of the Vellum ; and the 
ſame will happen to all the Points of the Pyramid in 
proportion, and in moving the ſliding Pipe backwards 
and forwards, you will at laſt bring the Vellum to the 
focical Point, or to the exact Medium where the Union 
of the Bundles of Rays, proceeding from each indivi- 
dual Point of the Figure, and gathering into ſo many 
Pencils, ſhall be depifted in order. From all theſe Pen- 
cils, there reſult a Multitude of ſmall ſharp Points, all 
colour'd and exact, which being proportionably ranged 
among themſelves, as thoſe of the Pyramid are enlarged, - 
preſent you with a perfect Picture of it on the Vellum, the 
Faithfulneſs of which far excels that of the Pieces of our 
greateſt Painters. But as the Rays, that come from below, 
gather at the 'Top. of the Vellum, and thoſe, . which pro- 
ceed from the Right of the Obeliſk, gather at the Left of 
the ſame Vellum, and ſo of the reſt, the Image is inverted; - 
ſo that the Pedeſtal is above, and the Croſs below; 

In thus ſhewing you what paſſes in that artificial 
Machine, I have, my dear Chevalier, - reveal'd to you 
what paſſes in our Eyes. It is the ſame as to the Order 
and Operation. The Membrane of Paſte-board de- 
iign'd to remove the Rays, which might come to diforder 
the Image, by their exceſſive Multitude, and by the In- 
exactneſs of their Union, repreſents the Iris or colour- 
ed Circle, which is on the fore-part of the Eye; with 
this Difference, that the Paſte-board always preſents the - 
lame Aperture to the Rays; whereas the Iris of the 
Eye, by the playing of its minute Muſcles, - in proper 

E 6 Time 


84 DIALOGUE Vil. 


Time dilates the Aperture, which we call the Eye-ball, 
when we ftand in need of a ſtronger Light; and ſoon 
contracts it, when an Exceſs of Light might either con- 
found the Image, or fatigue the Organ, Paſs ſucceſ- 
fively from a dark Place into broad Day-light, and from 
thence into the Dark, with a Looking-glaſs in your 
Hand ; you will ſee your Eye-ball widening in propor- 
tion as you enter into the Shade, and then contract in 
proportion as the Light ſhall be more or leſs glaring. 
The Manner, in which the Rays are bent in the con- 
vex Glaſs, and in the Air which follows it to the Vel- 
lum, is an Imitation of the Path of the Rays through the 
Humours of our Eyes : And as the Extremities of the Pen- 
cils form a clear and diſtin, but at the ſame Time an 
inverted Image on the Vellum, B A, the ſame Pencils 
trace out, on the Bottom of our Eye, a ſmall and very 
exact, but inverted Image of Objects, C B A. If after 
the Experiment of the Glaſs and Tubes, of which I have 
Juit ſhewn the Uſe, you ſhould ſtill doubt of the Inver- 
ſion of the Image in your Eye, you might convince your- 
ſelf of it, by placing at the Hole of a Window-ſhutter, 
which looks towards the publick Place; the Eye of a 
Sheep, or of an Ox freſh kill'd. After having curiouſly 
taken off the thick Covers which ſurround the Bottom ot 
the Eye, even to the tranſparent Pellicle which Incloſes 
the laſt Humour, you muſt apply an oil'd Paper to it. 
Then the Obeliſk which ſtands in the Middle of the pub- 
lick Place, the Houſes and Inhabitants, will be repre- 
ſented moſt clearly, and in a wonderful Fore-ſhortening, 
on the oil'd Paper : But all the Images will be inverted. 
1 muſt confine myſelf at preſent to this rough but 
true Idea of the Functions of the Eye, which well de- 
ſerve that one Day or other we ſhould make them a ſe- 
Parate Study. We are now able to judge of the other 
Wonders of the Uſe of the Eye and of the Light. But, 
to judge of them the better, let us chuſe ſome eminent 
Place, where our Eyes may perform their Functions with- 
out any Obſtacle, and where we may be ſenſible how 
precious they are, from the very Beauty of the Proſpect 
itſelf. We may place ourſelves either on the Flat of the 
Royal Cbſervatory, cr rather on one of the Towers ” 
| the 
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the Cathedral Church of Paris. So ſoon as I approach 
the Gallery which is at the Top, one half of the Ho- 
rizon, of near or perhaps more than fix ſquare Leagues, 
is repreſented in Miniature on the Bottom of my Eyes, 
with ſuch Strokes as repreſent there the Mountains, the 
Royal Palaces with their Avenues, the Steeples of the 
Plain, and all the Buildings of an immenſe City. After 
having for a Moment indulged my Surprize at this ra- 
viſhing new Scene, a Croud of Reflections occur to me 
upon every thing I ſee. 

My firſt Aſtoniſhment is to perceive 
ſo much Order in that magnificent Picture The Multitude 
which covers the Bottom of my Eye, of Rays for one 
while an unutterable Confuſion reigns at fingle Eye 
tne Entrance of the Eye-ball. From one 
ſingle Point of the firſt Object, I perceive, for Inſtance, 
the Top of the Steeple of Sainte Chapelle; there comes 
on my Eye a Bundle of Rays, which, in widening a 
little, cover the whole Aperture of the Eye-ball. The 
Point of the Croſs immediately following, ſends thither 
another Pyramid, which fills a like Space, and all the 
Rays of which croſs every one of the foregoing. If 
there are a thouſand Points in the Croſs, which. render 
it viſible to me by a thouſand the like Cones ; there wall 
be Ten millions of Cones, or radiating Pyramids, which 
will come from the whole Maſs of the Steeple, and every 
one of which ſhall (taken fingle) make as many different 
Strokes on my Eye-ball, as there are Points contain'd 
in it. Theſe Lines, croſſing each other, overpower my 
Reaſon, by a Croud in which it loſes itſelf, and where it 
meets with nothing but Confuſion. What will it be then 
when from all the Buildings of the Town, and from all 
the remote Objects of the Plain, the like Quantities of 
Rays ſhall all meet at the ſame Entrance? The Iris, 
which ſecures the Entrance of the Eye, keeps off what 
is exceſſive, and admits only what is neceſſary: But that 
very Neceſſary is an Infinitude of Lines, united in. the 
arrow Compaſs of the Eye-ball ; and yet none of them 
ſhall go aſtray, but all follow their appointed Direction 
without any Miſtake. All ſhall orderly, and in {mall 
Collections, go and lodge themſelves in different Quar- 
ters: 
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ters: All thoſe that come from the ſame Point, both 
from the Edges and from the whole Surface of the Eye- 
ball, again proceed and unite in a ſingle Point of the 
Retina, which covers the Bottom of the Eye; that being 
the Place of Reſort appointed for them. They are never 
confounded: They find their Way in ſpite of their 
Multitude, and gather at ſuch Points as keep among 
themſeives, and in Miniature, the very ſame Order 
which was obſerved among thole Points of the Object 
from whence they came 

2. Here is ſtill far greater Matter of Admiration. 
Theſe Objects before me are not deſign'd for me alone. 


J was ſurprized at the innumerable Quantity of Rays 


they ſend forth, on a Space fo little as is tie Breadth of 
my Eye-ball. They then ſend out as many on all the 
like Spaces of the Maſs of Air which incompaſſes them, 
For that Reaſon it is, that wherever I go, new Rays al- 


ways replace the preceding, and not only the People, 


whom Curioſity has drawn to that Tower as well as me, 
but alſo Millions of Spectators, were they diſperſed on 
the neighbouring Towers and Eminences, might ſee the 
ſame Objects as well as I. All the Rays, which would 
then ſerve them, are really in Action, and want nothing 
but Eyes to work non. 

3. Among all th: any umerable Rays, which from all 
Sides arrive at every Eye, thoic which preſent them(clves 
too obliquely, are reflected from, inſtead of being ad- 
mitted into the Organ. Theſe would infceble, or even 
confound the Image of what is before us. But we ſhall 
make them of {'te whenever we pleaic, and we no ſooner 
ſhall turn our Eye that Way, but they will be admitted 
therein. They then come from al! Sides; they are al- 

ways ready {or our Service. But the great infallible Oe- 
conomiſt has elabliſh'd Laws, which llop Part of them at 
their Entrance, that the reſt may be more uſeful and 
efficacious. 

4. All the efficacious Rays are not how- 

Effcacious and ever the only ones admitted into the Eye. 

ä There are near theſe an infinite Number 
Rays. : 

of others, whoſe Operations are more con- 


ceal'd, and which are overwhelm'd by the Vigour of = : 
I 
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firſt, but which are always ready to do the ſame Office in 
due Time. I, for Inſtance, make a Pin-hole in a Sheet 
of Paper, and when I look through this Aperture, much 
narrower than that of my Eye, I {till perceive the Houſes 
of Paris: But the Proſpect of them is much more con- 
tracted, and Objects appear much ſmaller. The Rays, 
which form'd the firſt Image, ſhew'd me larger only by 
Refractions, the Meaſure of which depended on their 
greater Obliquity. Thoſe, which form this new and 
imaller Image, then ſuffer ſmaller Refractions: They con- 
ſequently have leſs Obliquity, and are indeed other Rays. 
Therefore, where-ever we carry our Steps and Sight, we 
find a new Light, and deſcry the Preſence of an infinite 
Wiſdom, which for our Sake lets innumerable Springs in 
Motion, and is pleaſed to make this Light be a beneficial 
Guide ; even at the Time when it is diſpenſed to us in 
the ſmalleſt Quantity. 

5. And indeed that Portion of Light, which from the 
Sun deſcends upon the Earth, is from the Surface of our 
Abode reflected to the Upper-parts of the Atmoſphere. 
Theſe Upper-parts, or that Mais of Air and rarefied Wa- 
ters, is clear enough to admit the immediate Impreſſion 
of the celeſtial Light, and at the ſame Time preſents a 
ſufficient Number of {mall Surfaces to the Light reflected 
from the Earth, to bend it towards the Earth again. It 
falls again and again on Objects; daſhes from one to ano- 
ther, and is divided every Way from each individual 
Point. JThus a ſingle Point firſt reflects a ſtronger Light; 
then one leſs ſtrong; then a middling Light, and then a 
Light ſomething weaker. All the Returns of theſe re- 
flected Rays are as much varied as are the Incidences. The 
Eye, by this Means, receives from all Sides, and from 
the ſame Objects, Rays of ſeveral Degrees and Strength, 
and of various Obliquity, which produces a Variety no 
leſs infinite in the Effects. | 

6, But if we compare that Light, which inlightens our 
terreſtrial Globe, with that which fills the whole Sphere 
of the Sun, and of the Planets known to us ; what we juſt 
now admitted with Amazement d indles even to nothing. 
Of all the vaſt Abyſs of Light which the Sun prefles on all 
vides, and which he makes to radiate, even to the very 

Stars, 
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Stars, we only ſhare that faint Light which is reflected 
from the Planets towards us, together with the more abun- 
dant Portion of it, which falls immediately on the Earth, 
But if the Earth be no more than a Point in that Sphere, 
what muſt that Light be which falls thereon ? What muſt 
that Portion of Light be, which gives Life to all its Inha. 
bitants ; which unveils ſo many Objects to them; which 
has ſo much Force, Activity, Suppleneſs, and Variety in 
its Effects; which, in ſhort, 15 unfathomable to our Un- 
derſtandings, through the Multiplicicy oFits Operations; 
To ſpeak the Truth fincerely ; if the" arth be but a 
Point, all our terreſtrial Light is no more thun a ſingle 
Line deduced from the univerſal Light. 

7. And this perhaps would be the propereſt Place to 
make great Calculations, to find out vaſt amazing Sums, 
by multiplying the Cones of Light by the Points of the 
Objects; and again, by multiplying theſe Products by as 
many Breadths of an Eye- ball as the Atmoſphere can con- 
tain ; and finally, in multiplying: this laſt Product, by as 
many like Atmoſpheres, as there may be contain'd in the 
Space of the hundred Millions and more of cubick Leagues 
inlighten'd by the Sun: But inſtead of giving you whole 
Pages of Figures; let us reſt ſatisfied with the Calculati- 
ons of one of the greateſt Admirers of the Works of God. 
* Hoc gracious are thy Winders unto bre, and how great is 
the Sum of them! If I would count _ they are more in 
Number than the Sand of the Sea Gore. How much forver 
J confider them; haw earnt/ily foever 1 endeavour to gain 
the End, or compr hend the Greatneſs of thy Works and ely 
Perfections; fiill am I auith thee. OL J ſee, like 
thee, is inexhauilible; and aſter all my Calculations, 1 
am juſt where J was. 

Though it may be a means of mending our Hearts now 
and then to preſume to get a Glimpſe of the infinite ; be- 
cauſe we are never more ſenſible how far this adorable 
Being carries his Kindneſs towards us, than when we are 
moſt convinced of our own extreme Litticnefs : Vet it is 
of very {mall Uſe to conſume our Time in Calculations, 
v hich diſtract our Heads, and in Arguments on Inf nitude, 

which will always be very much bclow t the 1 H oughts ol 
Go Creator. It is undoubtedly much be -encrally to 
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imploy our Minds on what he places within our Reach, 
on what, in his Works, is moſt proper to affect us. It 
is then enough for us, at a Diſtance, and as it were thro' 
a Veil, to have view'd the Sources of the Light; to have 
traced it through its Paths, and to know the all- wiſe Laws, 
which inſure to every Eye that Portion of Light, which 
is neceſſary to it. Now, let us behold the Wonders of 
that Picture, which the Rays delineate at the Bottom of 
the Eye; ſince it is that Picture, which becomes our pro- 
per Light, our Guide and our Flambeau. 

3. What ſurprizes me firſt herein, is a perfect Dinſtinc- 
tion and Clearneſs, together with the utmoſt Littleneſs. 
We ſometimes are amazed, on ſeeing a Portrait, very 
like, incloſed within the Bezel of a Ring. But here 15 
one Half of the Horizon of Paris, that is a Space of a- 
bove ſix ſquare Leagues, faithfully repreſented within the 
Compaſs of not quite half an Inch. Here the Calculation 
is very eaſy; fix Leagues, at the Rate of two thouſand 
Fathoms for each League, as they reckon them at Paris, 
make twelve thouſand Fathom ; which being multiplied 
by themſelves, to make the Area of that Surface, will 
amount to one hundred and forty-four Millions of Fa- 
thoms. I would fain know, what Space or Room the 
Picture of one of the greateſt Objects I ſee on the Plain, 
can fill in my Eye, or nearly ſo. But as the Objects, 
which are very near me, fill a very great Space in my Eye, 
becauſe they are more conſiderable with regard to me; 
and the moſt remote take up therein but a very narrow 
Room, becauſe they muſt affect me leſs ; let us chuſe an 
Object but at a middle Diſtance, that we may obtain a more 
exact Degree of Proportion. The largeſt Building, which 
offers at a middle-dittance in this vaſt Proſpect, is the Gal- 
lery of the Louvre. It is not quite one hundred and fifty 
Fathoms long: Let us join it to the Pavilion of the Tuil- 
leries on one Hand, and to the Old Lowvre on the other, 
which together, let us ſuppoſe, make two hundred Fathom: 
The Height quite to the Top is hardly more than 48 
Foot or 6 Fathom. The vertical Section or the Surface 
of it will then be 200 Fathom by 8; that is 1600 ſquare 
Fathom ; which makes the ninety thouſandth Part of 144 
Millions, Now there is the ſame Proportion — 
the 


—ůů —— ¹OX⸗nuv 


7 — * * 9 


DS SY 


oo DIALOGUE VII. 


the Space which the Image of the Gallery of the Louwre 
fills in my Eye, and the Image of the whole Plain, as 
between the Gallery itſelf. and the Plain ; conſequently, 
this magnificent Gallery, with its fifty large Windows, 
and thoſe of the Louvre, which I perceive diſtinctly, fil 
in my Eye no more than the ninety thouſandth Part of 
half an Inch. How wonderful a Picture is this! How 
great muit be the Hand which drew it ! 

9. I perceive on the Plain a Coach, which inſenſibly 
removes from the Village it left, and by little and little 
goes into the Avenues of Paris. If I have a mind to 
meaſure in the ocular Picture of the Plain the Space, 
which correſponds to the Dimenſions of one League, 
which I ſaw the Coach make ; a League of above two 
thouſand Fathom ſhall not take up at the Bottom of my 
Eye near the Space of one ſingle Line. What Space does 
then the Coach and Horſes fill up in my Eye? And if I 
cannot judge of their Motion but by the ſucceihve Al- 
terations of Place made within my Eyes, of the ſmall 
Image which repreſents their Feet; this Image muſt not 
only have moved on five or fix hundred different Points; 
but alſo have fetch'd five or fix thouſand proportional 
Places within the Length of that Line. The little 
Horſes, which the Light has painted at the Bottom of my 
Eye, continually change their Place there, and after a 
Courſe of half or three Quarters of an Hour, they at laſt 
have finiſhed the croſſing over a twelfth Part of an Inch. 

10. This wonderful Picture, thus form'd at the Bottom 
of the Eye, is the Effect of the three Humours, which 
divide it. If the Bundles of Rays, which come and ſuc- 
ceſſively bend therein, ſhould be gather'd into Pencils 
there, before they ſhould touch the Bottom of the Eye; 
or ſhould they touch it before all their Strokes were ga- 
ther'd into a Point; the Organ would indeed be thaken ; 
we ſhould have the Perception of the Preſence of the 
Light: But the Image being not form'd by an Order of 
Points, which ſhould imitate the Order of thoſe of the 
Objet, from which the Bundles of Rays .came, the 
Viſion would be confuſed. 

Let us not here overlook the Uſe, which God makes 
of thoſe very Rays which moſt ſtrike upon our Organ, and 
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arrive thither in the greateſt Diſorder. Nothing makes a 
greater Impreſſion on the Eye, than thoſe hs 

long Strokes ſo uneven and fo bright, or 8 1 
the Irradiations, wbich attend the Image „ 
cf luminous Bodies. Whence can thoſe : 

Strokes proceed? How do they act? What are they de- 
ſon'd for? God has placed at the Extremity of both the 
L.yeelids, a Border perfectly round, always moiſten'd with 
an Oil, which iſſues from it through ſmall Orifices, and 
makes it at all Times of the cleareſt Smoothneſs and Glols. 
By that Means the Eye-lid flides over the Eye, without 
any Roughneſs, and from time to time bruſhes it, to clean 
it of the very miuuteſt Dirt or Duft, which the Hair of 
the Ey e-brows or of the Eye-lids had not been able to 
ftop perhaps or keep off. But that Border or String has 
1:1] another very different Uſe : It is a true Looking-Glats, 
rounded and prepared to reflect on all Sides, by that 
Roundneſs, the Light that falls thereon, 'The Light, 
which luminous Bodies ſend thither, is always more active, 
and that Part of it, which enters the Eye-ball, will always 
make a powerful Impreſſion there. But there is but a 
very ſmall Number of Rays reflected from the Border of 
the upper Eye-lid, towards the lower Part of the Eye- ball, 
that can enter it, as there is but a very little Quantity of 
Rays, reflected from the Border of the under Eye-lid to- 
wards the higher Part of the Eye-ball, that can be admit- 
ted therein, Theſe Strokes, which, as you ſee, enter the 
Eye but obliquely, can never regularly paſs through 
all the three Humours, nor bend in order to gather there, 
and conſequentiy form neither Pencils nor Images: But 
they ſtrongly ſtrike on the Organ, by the Image which is 
at the Bottom of the Eye; and as theſe Strokes proceed 
from a Light, which paſſes between the Hairs of the Eye- 
lids, they neceſſarily are confuſed and broken into long 
Streaks, the Breadth of which reſembles the uneven Se- 
parations of the Hairs. Thence proceed the radiating 
Crowns, which incompaſs the Image of a Candle ſeen at 
a great Diſtance, and above all, the Image of the Stars 
and the Sun. Would you be certain of the Fat? Draw 
your Eye. lids very near one another, at the Sight of a 
luminous Body ; in uniting a very great Number of Hairs, 
to 
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to break the Light which arrives on the round Borders, 
you increaſe the Number of the large Strokes, ſo far as to 
confound and perplex the Image of the luminous Body. 
Have you a Mind to produce a quite contrary Effect in 
your Eye? Take a Wheat-ſtraw, the ſmalleſt Part of it 
eſpecially, and neareſt to the Ear; put the End of it thro) 
a Paper, and look at the Sun thro' the ſmall Hole of that 
Pipe; the Rays which come through this narrow Channcl 
do by no means fill the whole Compaſs of your Eye-bail ; 
and this ſhall render the Image of the Sun, or of any other 
Object, much ſmaller. But if the Rays of the Sun cannot 
this Way get at the Borders of the Iris, which regulates 
the Opening of the Eye-ball, much lefs will they reach 
the Borders of the Eye-lids, which are ſtill more remote: 
But then, you will ſee radiating Crowns no more, Per— 
haps ſome few Rays, reflected from the Inſide of the 
Straw, ſhall at moſt ſhew a few feeblc Strokes here and 
there, and ſeveral varying Colours round the ſolar Image; 
but the large Strokes will be intirely vaniſh'd, and a Star 
ſeen through a Pin-hole, or a long Pipe, is no more than 
a ſingle Point without any Splendor or Beauty. 

Let the ungrateful and ſenſeleſs (for I ſhall make no 
Diſtinction between them) ſay after this, that he, who 
made the Stars, had then not Man in View. It is ſo very 
true, that he made the Stars for the Eye, and the Eye for 
the Stars; that, in order to inſure the Services of theſe 
remote Globes to Man, and to render the Impreſſion of 
them lively and affecting to him, notwithſtanding their 
extreme Remotenels ; he took the Caution to diſpoſe round 
the Eye two cylindrical Looking-glaſles, which, without 
forming any Image, imbelliſh, ſtrengthen, and ſet off, 
by a radiant Circle, the Image of the Star, or of the in- 


flamed Body delineated in the Eye. You had hitherto 


look'd upon the two Pads, which ſurround our Eye -lids, 
as two very indifferent or inſignificant Things ; but the 
weakeſt Inſtruments become fruitful in great Effects in the 
Almighty's Hand. The Sun, with all its Fires, would 
not afford us the Splendor of the Day, were it not for the 


Bubbles and Spherulæ of the Atmoſphere. The Light, 


reflected from the whole Vault of the Atmoſphere, would 
not render Objects viſible to us, were it not for the Hu- 
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mours of our Eyes; and it is from the bare incircling of 
two ſmall round and glazed Strings, that God pro- 
duces the chief Brightneſs of all our ſerviceable Lights, 
the fineſt Strokes with which he crowns the Sun, and the 
whole Glory of the Heavens in general. 

11. But we ſhould ſtill remain in Darkneſs, and in a 
real Chaos, notwithſtanding the all-wife Proportions God 
has put between the Structure of the Light and that of our 
Eyes in order to make us correſpond in general with the 
Univerſe ; did he not every Moment create in us a parti- 
cular kind of Senſation, which informs us conſlantly of 
the Preſence of every thing round us. The Light, the 
Eye, and our Senſations, do then proceed from the ſame 
bountiful Hand, and from the ſame benign Intention. If 
other Animals have a Share in the ſame Advantages, as I 
believe I have demonſtrated to you that they were pro- 
vided with Senſes capable of guiding them, purpoſely that 
they might free us of a great many Cares, andina Word 
that it is for us alone they live and fee ; the Succours, 
which enable onr Domeſticks to ſerve us well, ought 
much rather to raiſe our Gratitude than our Jealouty. 
The great and important Truth, which preſents itſelf here 
as a Reſult of ſo long a Series of Wonders, is that we in 
ceſſantly experience in the Heavens, on the Earth, and 
within ourſelves, the Action and Influence of an infinite 
Wiſdom, whoſe Buſineſs it is to govern us, whole greateſt 
Delight is to dwell amongſt us. 

The Light reflected from a Tree, and bent within my 
Eyes, may affect them, tis true: It delineates two Images 
in my Eyes and I ſee but one Tree. It paints in my Eyes 
an inverted Image, and I ſee the Tree in a direct Situa- 
tion and upright. It paints in my Eye a Tree, which 
does not fill by much the hundred-thouſandth Part of one 
Line, and the Tree I ſee is eighty Foot high. I myſelf 
am not fix Foot high and two Foot broad, and have the 
moſt real Senſation, not only of a very large Tree, but 
of the Plain of Sz. Denis, and of the Diſtance which is be- 
tween the Earth and the Sun. Sure this is mcomprehen- 
ible: But it is only the more evident, that this is the 
wonderful Work, not indeed of the Light, which can 
6n'y agitate the Bottom of my Eye; nor of Nature, which 
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is an Idol, a mere ideal Power void of Reality; but cf 
God alone, who intimately operates within me. There. 
fore, the Sight of a Tree and of the Sun, which God 
ſhews me, is as real and as immediate a Revelation, as 
that which led 1Mo/es towards the burning Buſh. The 
only Difference, between both theſe Actions of God on 
Moſes and me, is that the firſt is out of the common Or- 
der and Oeconomy ; whereas the other is occaſion'd by 
the Sequel and Connexion of thoſe Laws which God haz 
eſtabliſh'd for the Regulation both of Man and Na- 
ture. 

12. The Habit of ſeeing ſo ſoon as we open our Eye- 
lids, makes us look upon that Operation as a Thing ex. 
tremely plain and intelligible : However, I ſhall boldly 
aſſert, that the Myſteries of our holy Religion are not more 
above our Underſtandings, than the Manner in which we 
ſee, or than that inmoſt Sentiment which we experience, 
of the Diſpoſition and Magnitude of the 'Things which arc 
ſo remote from us. That my Eye, by the Help of an 
Image but fix Lines broad, or my Soul, with an Organ 
of half an Inch, ſhould ſee eight or ten {ſquare Leagues, 
and diſcern the Beauty, the Form, the Situation, and 
Diſtances of a Million of Obje&s diſperſed all over this 
Plain, is a Myſtery truly inacceſſible to all our Reaſou- 
ings. That Operation muſt either be corporeal or ſpi- 
ritual: But whatever it may be ſuppoſed to be, it will in 
both Caſes be equally above our Reaſon. It is an un- 
fathomable Abyſs : But it is a Truth, and an undoubtcd 
Matter of Fact. What I can conceive of it (and that is 
a great deal for me) is, Firſt, That God being alone able 
to work this Miracle within me, I continually experience 
the Effects of his Preſence and Goodneſs : Secondly, 
That in Nature, as well as in Religion, he is pleaſed to 
grant me the Uſe and Communication of certain Bleſſings, 
and of certain Truths, without unveiling to me as yet 
the Ground and Nature of what he vouchſafes to inform 
me of; and in ſhort, that to diſpute proved and atteſted 
Truths, by alledging that one does not conceive them, is 
as little reaſonable, as if I ſhould ſay, I actually do not 
ſee Paris, nor its Churches; becauſe I don't conceive how, 
being ſo little, I could have the Perception of ſo val: 


an 


Of VISION. 9 5 


an Extent. Unbelievers build on the Authority of this 
Principle of modern Philoſophy ; wiz. not to admit of 
any Thing, but what we clearly and evidently know. 
Let them ſay then, when they open their Eyes to the 


Light; 7 ſee nothing, for 1 conceive not how any one 
can ſee, | 
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NSTEAD of a Field imbelliſh'd with all the great- 
eſt Beauties which the Spring and the Art of Man 
may convey and gather there; let us conceive this all 
over cover'd with Snow. The Light of the Sun, 
which begins to aſcend our Horizon, is ſtrongly re- 
flected by that univerſal Whiteneſs which overſpreads 
it, It gives a greater Brightneſs to the Day. Our 
Eyes may freely expatiate over the whole Plain, its 
Surface _ entirely open to us: Every Thing is in- 
lighten'd and viſible, yet confuſed ; and this Confuſion 
of the Objects does not properly proceed from the 
Thickneſs of the Snow which covers them : For the 
River is ftill ſenſibly lower than the Meadow, and the 
Meadow lower than the arable Grounds. A Tree or a 
Houſe ſtill preſerves a Form, which helps us to diſtin- 
guiſh them tolerably well. We muſt be at the Trouble 
to gueſs, however; and the Uniformity of the Whute- 
neſs, notwithſtanding its Splendor, hinders us from dil- 
tinguiſhing the Rocks from the Habitations of Men, 
the Trees from the Hills which beax them, the till'd 
from the untill'd Lands, 
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We then ſee all, but can diſtinguiſh no- 


ing. Such would have been the Aſpect The Diſtingion 


of Nature, but God allow'd us Light of che Objekts. 
without the Diſtinction of Colours. 

We every Day admire that noble Art, which, by 
lightly. ſpreading a few Colours on a Cloth, makes us 
ke thereon ObieAs which do not exiſt, It deceives us by 
ſhewing us a ere Outſide and Drapery : But if this Di- 
ſtinction of Colours, ſkilfully managed, is alone ſufficient 
to make Realitees appear to our Eyes, where there are 
none; it very plainly ſhews the bountiful Intention of 
him who has painted and cloathed whatever is round us. 
Each individual Piece was by him render'd diſtinguiſh- 
able. Each Kind wears its peculiar Livery. Whatever 
is for our Uſe has a diſtinguiſhing Mark which cha- 
racterizes it. We need be at no Trouble, when we want 


to diſcover the Things we look for. The Colours point 
them out to us. | 


To what Delays and Perplexity ſhould we have been 


reduced, had we been obliged every Minute to diſtin- 
WH guilt one Thing from another by Reaſonings? Our whole 
WH Life muſt then have been employ'd rather in Study than 

in Action, and we muſt have remain'd in that eternal Un- 
certainty, in which Naturaliſts ſometimes are, with the 
mot magnificent Hypotheſes ; or as Chemiſts, after a 
s thouſand Diſſolutions. 5 
, God's Intention was not to buſy Mankind about empty 
Ppeculations. And it is plain, that he conceal'd from 
 W = the Ground and Principles of Beings, in order to recall 

us effectually to the Neceſſaries of Life, and the Practice 
of Virtue. The Earth was not made to lodge Philoſo- 
phers apart, and ſolitary Dreamers, but to be cover'd 
with a Society of Brethren, bound to each other by 
Wants and reciprocal Duties. For this Purpoſe it was, 
that God, inſtead of the long and tireſome Method of 


duals, was pleaſed to grant Mankind, and even the Ani- 
mals that attend them, the commodious, eaſy, and.expe- 
ditious Way of diſtinguiſhing Objeas by their Colour; 
Man opens his Eye; in the Morning, and behold, all 
his Reſearches are made. His Work, his Tools, his 
Food, and whatever concerns him, clearly offer them- 
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ſelves to him: He is at no manner of Loſs to diſtinguiſ 
Things. The Colour is the Direction which guides his 
Hand, and infallibly leads it whither it ought to go. 
| The Deſign of making us quickly di— 
The Omaments ftinguiſh Objects at Sight is not the only 
of Nature, Thing that gave Birth to Colours. In 
this, as well as in every Thing elſe, God 
has had Reſpect to both our Pleaſures. and our Wants, 
To what other Purpoſe than that of placing us in a de- 
lightful Abode, can he have adorn'd every Part of it with 
Pictures ſo ſtriking and ſo diverſified ? The Heaven, and 
whatever is ſeen at a Diſtance, were drawn at full Length, 
Splendor,  Sublimity, and Loftineſs of Style, are the 
Character of them: Lightneſs, Delicacy, and all the 
Beauties of Miniature, are found again in Objects, de- 
ſign'd to be ſeen nearer, ſuch as Leaves, Birds, and 
Flowers. And leſt the Uniformity of Colours ſhould 
become in a manner tedious ; the Earth changes its Gar- 
ment and Attire every Seaſon. The Winter, indeed, robs 
it of great Part of its Beauties; but it brings on a Re- 
oſe, which is of Uſe to the Earth, and of ſtill greater 
ſe to him who cultivates it. Why ſhould the Earth, 
while Man is oblig'd to hide and ſhelter himſelf, adorn 
herſelf, not to be Gen by her Maſter ? 
| Sl Theſe Colours, which make ſo beau- 
and of Man- tiful an Effect in Nature, are no leſs an 
Lind, Ornament to Society and Mankind. They 
facilitate all their Operations, as they do 
thoſe of a great Army. They every where aſſiſt Sub- 
ordination, by diſtinguiſhing Conditions. What a De: 
cency and Gracefulneſs do they give to our Clothes and 
Furniture? For ever employing the Pencil, the Graver, 
the Shuttle, and the Needle: But after all theſe have had 
their firſt Preparation under the Hand of the Artiſt, they 
ſtill are improved, by being placed beautifully, and 
match'd with Judgment and "Taſte, A Merit they ge- 
ncrally owe to the Induſtry of the fair Sex. 

But of all the Services which Colours are. of to us, 
the moſt engaging 1s their ſo well anſwering all our 
Intentions, and ſo readily agreeing with every Situa- 
tion. The moſt common Colours ſerve for ordinary 
L ſes, and for things of little Concern, The moſt lively 
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and brilliant are reſerved for greater Occaſions. They 
enliven our Feaſts, and by their Splendor convey every 
where a ſecret Joy and Satisfaction, almoſt inſeparable 
from them. Are we in Affliction? Other Colours then 
take Place. They ſurround us with Mourning, and 
it is a Sort of Comfort to us, to ſee whatever approaches 
us, as it were, concern'd for our Troubles, and ſharing 
our Affli tion. 

Theſe Colours, deſign'd to vary ſo uſefully the Scene 
of the World, greatly deſerve our Attention to them a 
Moment, in the Enumeration of the Uſes for which 
they are fit; which may convince us they have a Rank 
among the nobleſt Gifts of our Creator. But can we 
be certain what they are in themſelves? Are they inhe- 
rent in the Objects? Do they exiſt in the Light? Do 
they reſide only within us? 

It is with Colours as with all our other 
Senſations : They are paitly within, and The Nature of 
partly without us. What affects our Soul Colours. 
immediately, is properly no where but | 
within ourſelves: But what we experience is relative to 
what paſſes within us. I feel a violent Pain when the 
Fire burns, or a Needle pierces my Hand. But the 
Smart J feel is neither in the Fire, nor in the Needle, 
Flowers may indeed exhale ſome Spirits ; but the Smell- 
ing is no where but in me. Muſical Inflruments, when 
ſtruck, do really ſhake the Air: But the Sound and Har- 
mony affect the Soul alone. 


Thus the Red which exhilarates me, and the Black 


which makes me ſad, are ſo many Perceptions of the 
Soul, and fo are all other Colours. They are ſo ma- 
ny lively Natifications that we receive of what paſſes 
about us. Theſe Sentiments are ſo truly our own, they 
are ſo really within, not without us, that by the Effect 
of an Order eſtabliſh'd to keep our Souls always buſy, 
we in our Sleep ftill experience the ſame Senſations, the 
ſame Smells, the ſame Savours and Colours, tho' there 
are no longer any external Objects to excite them. In 
vain ſhould we ſay, that theſe are only the Remains of 
the Senſations we have experienced, revived again with- 
in us; nothing but a remaining Emotion, which blends 
itſelf with ſeveral others within the Brain, and is fol- 
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low'd by the Senſation annex'd to ir. I grant it. But 
the Reality of that Senſation is the ſame as when we 
are awake. We then ſee the ſame Colours, the ſame 
Objects, and at the ſame Diſtances. None but an in- 
finitely powerful Being, none but a Being intimately pre. 
ſent every where, can thus cauſe and perpetually create 
in us all theſe ſo exquiſitely regular Senſations, which 
unite us to every Thing about us. And as thoſe Mo- 
tions, which diſplace and tranſport Bodies, are the Laws 
by which God acts upon Bodies, ſo that the ſeveral De- 
grees of theſe Motions are {till no other than the Actions 
of God diverſified ; ſo likewiſe the Senſations, which 
affect our Souls, are thoſe Laws by which God acts 
upon our Soul ; and all the Varieties of Savours, Smells, 
Sounds, Colours, in ſhort, all our Senſations, are no- 
thing but God's Method of acting on us, diverſified ac- 
cording to our Wants. 

Let us not glance upon this Truth too lightly. Every 
Thing contributes to convince us of it. The Bodies, 
which ſurround us, do not come and graft themſelves up- 
on our Mind; nor does our Soul get out to diffuſe it- 
ſelf outwardly, and to become acquainted with what paſ- 
ies there. The Light, which extends from the Objects 
to us, is nothing but a Maſs of Cerpuſcles, which can 
at moſt only ſtrike our Eyes variouſly ; and this or that 
Impreſſion is not of itſelf more fit to cauſe the Senſation 
of Yellow, than that of Purple. I perceive therein an 
Oeconomy entirely free, and that theſe Perceptions, ſo 
exquifitely regular, are the Work of an almighty Bein g, 
Who has eſtabliſh'd and makes us ſenſible of them in 
an uniform Manner, to acquaint us of whatever may 
be of Concern to us. How affecting this Truth is! And 
how fit too to maintain within us an aweful Senſe of the 
Freſenc2 of Him, who communicates himſelf to us by 
intimate Influences, by Advices, and by perpetual Fa- 
vours! But this Revelation, which God makes perpetu- 
ally to us of the whole Oeconomy of Nature by the 
lu. niſtry of our Senſes, is become ſo familiar to us, that 
forget the Author of it. And we complain of either 
bie Unconcern or his Remoteneſs from us, while we both 
re:.ccive from, and have in him our Senſations, Motions, 
210 Feing.“ | But 

* lukimwelve, and move, and have ou: Being. Acts xvii: 28, 
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But if the Colours, which touch us immediqtely, are 
nothing but the Action of God, diverſified in us by the 
Preſence of the Bodies round us; we may now inquire, 
what are in Nature the Accidents, Strokes, and Mo- 
tions, to which God has annex'd thoſe Senſations by 
which he aſſects our Souls. If what, by ſtriking on our 
Eyes, gives Occaſion to Senſation of the red Colour, is 
conſlant, and ſomething different from what produces in 
vs the Impreſſion of Green; what ſhould hinder us to 
call that a red Ray, or ared Body, which 1s the Occaſion 
of our ſeeing that Colour, or to call that a yellow Ray, 
er a yellow B-Cy, which excites in us the Senſation of 
Yellow ; ſince all Ambiguity was removed, by rightly 
diſtinguiſhing the Perception of ſenſible Colours, which 
is only within us, from the Strokes which proceed 
from external Objects, and which are properly cor- 
poreal Colours? | 

Theſe are of two Kinds: Some are 
in the Rays of the Light themſelves; The Colours 
others are in colour'd Bodies. That there of Ligl+. 
Tre in the Light Rays eſſentially red, 
others of another Colour peculiar to them, or in ſhort, 
Rays differently framed, is what can no longer be doubt- 
ed, after the Multitude of Experiments, which Sir ac 
Newton * made with all imaginable Succeſs, for his own 
Information on that Point ; let us ſatisfy ourſelves with 
the plaineſt and moſt practicable of them. They make 
m a Window-ſhutter a ſmall Aperture of an Inch in 
Diameter. When the Sun ſhines bright thereon, the 
Rays, reccived through the Hole into a Room made 
dark, paint the Image of the Sun, or of the round Aper- 
ture, on the Wall, or on a Cloth, or on a Screen ſet to 
receive them. If, cloſe to the Aperture, you preſent to 
tie Rays of the Sun the Side of a Priſm, that is, of 
a triangular Glaſs well choſen, ground true, and ſmooti; 
the Figure, which the Rays then make upon the Cloth, 
15 no longer round as before. It ſtill remains of the fame 
Breadth : But it becomes very long, is terminated by two 


* Conſult Newton's Opticks, Graveſand's Inſtitutes, and the Fx; exi- 
wents which are made at the Abbe Nollet's, Quai-Centi, 
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ſtrait Lines in its Length, and rounded only at either 
End. Towards one of the Extremities of this Figure, 
you perceive the fineſt Red, then the Orange Colour, 
then the Yellow, and next the Green, the Blue, the 
Purple, and the Violet. Theſe ſeven Colours are not ex- 
actly ſeparated from one another; but you ſee, between 
every two of them, gentle Gradations, which partake of 
the neighbouring Colours, and have ſomething of a Mix- 
ture or Confuſion in them. After having attentively ex- 
amined this extraordinary Figure; they found out that it 
was compoled of Rays differently colour'd, and which be- 
ing in themſelves of a different Nature, go through quite 
different Tracks in the Glaſs, and therefore are different- 
Iy refracted or diverted, ſo as to fall on the Cloth at 
Points variouſly diſtant from that on which they all would 
have fallen, had they not been refracted in the Glaſs. A 
Hat Glaſs is not fit to produce this Effect; becauſe the 
"Thickneſs of it, being equal every where and the fame, 
the different Rays, which ſuffer different Refractions there, 
are in proportion very differently bent in their coming 
out of the Glaſs into the Air, which brings them 
again to their firſt Progreſſion; ſo that they ſeem not 
to have been bent. 'They remain ſo near each other, 
and ſo much blended, that one Colour does not overpow- 
er the other. But if the different Rays have the leaſt In- 
clination in their own Nature to be bent or refracted dit- 
ferently from each other in the Glaſs, this Difference ſhall 
become ſenſible, if they fall obliquely on a Glaſs, the 
Thickneſs of which is continually increaſing. For two 
Rays, which going into a flat Glaſs incline towards 
the 3 with a very flight Difference or Ine- 
quality, will come out of it quite cloſe to each other, 
and without forming any ſenſible Angle: But if, in their 
entering the triangular Glaſs, they are bent with a Dit- 
ference ever ſo little, that Ray which falls a little lower 
in the Glaſs, having a greater Thickneſs to go through, 
increaſes its Divergency. When afterwards both the!? 
Rays ſhall come into the Air, their Separation, ſtill in- 
conſiderable, though very real, will become more ſenſi- 
ble. At the Diſtance of ſome Feet more, the Sides of 
that Angle will have a ſtill greater Divergency, and at 
twelve or fifteen Foot Diſtance, two Rays, which - on 

als 


b LE 


1 


— 
— 


. & TOLUETRS ww 


Glaſs were divided but a fingle Point, will be ſeparated 
by an Interval of half an Inch. The Ray which is the 
leaſt diverted from its firſt Direction, or leaſt refracted, 
is the Red. That which recedes moſt therefrom, is the 
Violet: But then the Red is always at one End of the 
Spectrum or Figure: The Purple is at the other End : 
The reſt of the Colours are between them in the above- 
mentioned Order. The red Ray is not fingle, any more 
than the Yellow or the others: But after a deeper Red, 
there comes a Red of another Degree. The ſame Tones, 
Diminutions, and Gradations are found in the other ſub- 
ſequent Colours. Every one of theſe Rays throws on the 
Cloth a round Figure, correſponding to the Aperture of 
the Window-ſhutter, And as theſe ſeveral round Figures 
are but little diſtant from each other, thence proceeds the 
Groupe of neigboyring Colours in that Liſt of Figures 
that touch each other. Hence the Uniformity of the 
Breadth of the whole Figure: Hence the two ftrait Lines 
which terminate it, and which are nothing but the Ex- 
tremities of all thoſe round Figures delineated by all the 
different Rays: Hence, in ſhort, the Roundneſs of the 
two Ends of the Figure, where the two Extremities of 
the two round Images, delineated by the Red and Pur- 
ple, muſt neceſſarily be. All theſe Circles, delineated by 
lo many differently colour'd Rays, and from which a 
longiſh Figure rounded at both Ends does reſult, can never 
be better repreſented than by a Row of Gold, Silver, Cop- 
per, Braſs, and other metal Coins ranged on a Table, and 
covering each other more than one Half. This Row of 
Counters 13 of ſeveral different Colours, bounded all along 
by two Lines apparently ſtrait, and at laſt rounded at 
both Extremities. 

If theſe ſeveral Rays, after having paſs'd through one 
Priſm, are received into a ſecond, .and then into a third, 
there they ſuffer great Refractions, and form an Image 
till longer, but never loſe their Nature, and conſtantly 
keep the ſame Order among themſelves. The Red is al- 
ways firſt : Then follows the Orange- colour. What was 
ycllow in the firſt, ſtill remains yellow in the third Priſm. 
The Green never loſes the Middle-place; in a -Word, 
each Ray keeps its Colour invariable. To be the more 
certain of this ; preſent a Wire, or a Slip of Paſte-board, 
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to the Point of the firſt Priſm, where the Beginning of the 
Light paſſes : If you do it on the Side where the red Ray 
is, that Colour diſappears on the Cloth. Bring the Wire 
a little farther, the red Ray immediately ſhews itſelf again, 
and the Orange-colour vaniſhes. You thus make them 
ſucceſſively vaniſh and return in the Figure or Spectrum at 
your Pleaſure, It is not then the Mediums, through which 
the Rays paſs, that give them different Colours: But the 
Mediums, and all Bodies in general, receive theſe Colours 
from the Rays themſelves, every one of which 1s of a pe- 
culiar and invariable Nature. You may even make your- 
ſelf ſtill ſurer of it. Stop the Maſs of Rays which cross 
your Chamber, by putting a Piece of black Paſte-board 
with a ſmall Hole into it in the Way: Through this Holz 
receive only the red Ray which you ſeparated from the 
reſt by means of the Priſm ; it ſhall mark out a ſmall red 
Spot on the oppoſite Cloth. Make this ſingle Ray pals 
through a ſecond, a third, and a fourth Priſm, or through 
a yellow or blue Glaſs, yet you will have only a red Spot. 
Likewiſe, if you receive a blue Ray, it will remain blue in 
all the Mediums into which you ſhall introduce it, and in 
all the Proofs which yau ſhall be pleaſed to make of it. 
The Rays have then in the corporeal Light, Firſt, A 
Colour and a Conſtitution peculiar to every one of them. 
Secondly, They have each its different Degree of Refran- 
pal: that is of Diſpoſition to be refracted or bent. 
hey have a third Property, vix. That the moſt eaſy to 
be bent in the Glaſs is likewiſe the eaſieſt and ſooneſt re- 
fected, when it reaches the Surface of the Air on the 
other Side of the Glaſs. Thoſe, which have the greateſt 
Refractions, are the firſt reflected when the Obliquity of 
the Air, into which they tend through the Priſm, becomes 
great. For this Reaſon, when they give the Priſm a Mo- 
tion, which increaſes the Obliquity of the Light, with re- 
gard to the laſt Surface of the Glaſs, and conſequently 
with regard to the Air which touches that Surface; the 
Purple is the firſt Colour, to which the Air on the other 
ſide the Priſm refuſes a Paſſage, and which being totally 
reſſected in the Priſm diſappears in the long Figure pro- 
jected on the oppoſite Cloth. If by inclining the Priſm, 
you a ſmall Matter increaſe the Obliquity of the Rays, 
then the Indigo-colour vaniſhes, then the Blue, * 
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of the reſt, The Reſt however is the laſt that leaves the 


| 

But when thoſe Rays, which we but now ſaw ſeparately, Þ 
by means of the Priſm, are united and concur ; then it 1s- ; 
that they produce a wonderful Appearance, far more ſur- d 
prizing than all we juſt obſerved. According to our No- | 
tions, they ſhould be much alter'd by their Reunion, and | 
make a dull muddy Colour; as happens to the Colours of 
Painters, when they are blended together on the Pallet: =_ 
The Reverſe of. this happens to the united and concurring 90 
Rays of the Light. They then make the cleareſt and the 1 
moſt lovely White, which becomes imperfect only in pro- | 
portion as its Tracts are diſcompofed and not collected. Þ 
After having, by means of a round Magnifying Glaſs, ö 
called a Lens, united all the Rays that come Fom the * +: 
Priſm, arid gather'd them on a Piece of Paſte. board, * 
into a very ſmall round Spot of the pureſt White ; with a 
Ruler cover that Part of the Lens on which you obſerve + 1 
the blue Rays to fall, and the little white Spot becomes 1 
yellowiſh, or of a dull and dirty White. Put the Ruler 1 
on the Part of the Lens where you ſee the red Rays enter; 
the Spot then begins to become bluiſh. From the Com- _ 
bination of the ſeven chief Colours, and of their ſeveral 
Degrees differently blended, the Grey, the Brown, the 
Olive, &c. the Slate-colour, and all the other ſubordinate 
Colours proceed. The Black is not in Nature: It is no- 
thing: It is a Privation of a reflected Light; and the leſs 1s 
Reflexion there is, the deeper is the Black. But we may li 
much better conceive, how we are to Jutge of it, when 
after having ſeen the Rays themſelves, we 
a Moment on thoſe Bodies which reflect them, and which 
we ſhall call colour'd Bodies: 

The Elements, of which the large and Colour'd Bcdies, 
ſmall Surfaces of Bodies are made, muſt | 
be conceived as' Laminz of an extreme Smallneſs, of a 
different Nature and Thickneſs, and differently inclined 
to each other. The Rays of Light, being in their own 
Nature quite different' among themſelves, find not the 
ſame Relations and Diſpoſitions in all thoſe Laminæ on 
which they fall. One Lamina, that will receive and re- 
ſract the Yellow in its Pores, ſhall totally immerſe tue 
Green, Another will partly admit a Ray, and partiy re- 
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flect it. A third, which in a certain Degree of Inclina- 
tion would have admitted and refracted the Purple, bein 

differently placed and inclined, refuſes all manner of Paſ- 
ſage to it, and reflects it intirely. At firſt Sight, tis plain 
that this may be diverſified in infinitum. Here a ſingle 
Inſtance may account for ten thouſand. Woollen Stuff is 
made up, as it were, of an infinite Number of ſmall 
Threads, themſelves made up of other Threads ſtill in- 
comparably finer. By this Diſpoſition it is capable of re- 
flecting all the Rays of Light; which gives it the white 
Colour. But the Duſt inſenſibly ſticks to it; a Drop of 
Oil falls on one Place, ſome other Liquor is flung on ano- 
ther. 'Thus new Laminz are convey'd into the Pores of 
the Wool, whence follow Reflexions of ſome certain Rays, 
which being alone in that Place, interrupt the Whiteneſe, 
and form a Spot, by the Interruption of the Uniformity of 
the reſt of the Surface, You ſcower that Cloth: You 
Cleanſe it from that heterogeneous Laminæ, and give it 
its former Whiteneſs. If you dye that Cloth, what do 
you do to pive it a new Colour ? 'The whole Art of the 
Dyer amounts to only repleniſhing the Pores of this Cloth 
with Particles ſeparated from the Cochineal, the Grain of 
Scarlet, or any other Matter uſed for that Purpoſe. The 
Multitude of the new Laminæ which they throw into it, 
and which they know how to make to ſtick cloſe thereto 
by means of Allum, Ec. is ſo great, that the whole Sur- 
face and Infide of the Stuff are impregnated with them. 
And all theſe Laminæ of an unijorm Structure, being fit 
to admit within their Pores all forts of Rays, except, lor 
Inſtance, the red ones; the Stuff in this Caſe ſhall reflect 
none but the Red; and that in a certain Degree of Strength, 
or with a Mixture either of Purple or of other Tints. It 
will either be a Scarlet-red, a Crimſon dyed in Grain, a 
Cherry-colour, a Roſe- colour, a Fleſh-colour, or any 
other reddiſh Colour whatever. *Tis true, there remain 
always in that Stuff ſome Laminæ fit to reflect green, blue, 
or other Rays: And this is ſo very certain, that if you 
offer to a Scarlet Cloth, or lay on a blue Stuff, a yellow 
Glaſs, that is, one mix'd with ſmall Laminæ fit to admit 
every way a great Number of yellow Rays, then either 
the blue or red Stuff ſhall contract a yellowiſh Colour; 
whereas the {ame yellow Glaſs being applied to a 4 


5 


ere ono 
Stuff, ſhall much heighten its natural Colour. For a like 
Reaſon it is, that a Cray-fiſh, from the greeniſh Colour it 
had when alive, becomes red when boil'd. The Fire, 
which penetrates the Cray-fiſh, carries off from the Pores 
of its Shell the Laminæ of Oil, Salt, &c. that fill'd them, 
and brings forth Laminæ fit to reflect the red Rays, and 
to ablorb all other. The Stuffs, you call changeable 
Stuffs, are made up of a Warp of one Colour, and a Woof 
of another : Whence it happens that we ſee both Colours 


ſhine in it, either ſucceſſively or together. The Neck of 


a Pigeon, a Pheaſant, or any other Bird, is cover'd with 
Feathers, which have each a double Row of large Laminæ, 
every one of which is made up of a double Row of other 
ſmall and extfemely thin Laminz. The large ones are 
of a clean Texture, and cover'd with an Oil which makes 
them ſhine : The other ſubordinate Laminæ make ſeveral 
different Textures. The Elements of theſe different Or- 
ders being differently porous, and differently-ranged, of 
courſe reflect or admit quite different Rays. The Bird 
cannot move his Head ever ſo little, without preſenting to 
our Eyes ſometimes ſmall Surfaces, fit to reflect Rays of a 
certain Kind, and ſometimes other Surfaces fit to reflect 
Rays of quite another Species. 


We ſtall conclude theſe Remarks by the Black, which 


may ſerve to confirm every Thing we have ſaid, A black 


Surface is nothing but a Heap of porous Elements, or 
Laminæ pierced through in ſuch a manner that almoſt all 
the Rays are Aan el and totally abſorb'd therein: So, 
that by reflecting ſcarce any of them, the Body becomes 
black, even ſo as to appear a Hole, or deep Holiow ra- 
ther than an Object. This we eaſily obſerve in thoſe co- 
lour'd Bubbles, which Children make with Water and 
Soap. The Salt, Water, and Oil, which make the Sides 
of the Bubble, are heavy Matters, inceſſantly finking 
down towards the lowermoſt Part ; ſo that the Bubble 
grows extremely thick there, and as thin upwards. As 
tie Elements, which compoſe the upper Part and Sides of 
the Bubble, become thin and tender, they reflect Colours 
livelier, finer, and of a more pleaſing Delicacy : But th 

become ſo very thin towards the upper Part of the Bubble, 
that they admit the Light intirely, and refle& not the leaſt 


Ray ; which ought to make that Place appear quite black ; 
an 
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and ſo, indeed, it does. There ſeem to be pretty large 
Holes at the Top of the Bubble; becauſe the Sides, which 
are ſtill real and intire in it, reflect no longer any Rays, 
are no more perceived, and the whole Bubble burſts the 
next Inſtant after. | 
Colours are then eſſentially different in us, in the Light, 
and in colour'd Bodies. In us, they are ſo many intirely 
different Senſations, with which God intimately affects us, 
in order to diſtinguiſh the Appearances under which he 
preſents all the Parts of the Univerſe to us. In the Light, 
Colours are ſo many plain Strokes perfectly diſtinguiſh. - 
able from each other ; but which, beſides their primitive 
Variety, till form, by their ſeveral Mixtures, an infinite 
Combination of Changes and Gradations. Colours, in 
ſhort, are very different in Bodies themſelves ; and beſides 
the Variety of Appearances, there is an abſolute Founda- 
tion in colour'd Bodies, to affirm of one, that it is truly 
zed ; and of another, that it is blue or yellow ; ſince the 
{ſmall Particles, which reflect one of theſe Colours, are, 
by the Inequality of their Structure, of their Denſity, De- 
licacy, Combination, and Inclination, very different from 
thoſe Elements which compoſe a Surface of another Co- 
Jour. The ſmall imperceptible Particles of the Surfaces 
of all Bodies are ſo many Sieves, which, as it were, fiſt 
the Light. 'The Rays, which may be received and ad- 
mitted through the Pores of one of thoſe Sieves, - may be 
rejected by another. The White is a very fine Sieve, 
that ſuffers nothing to paſs through. The Black is the 
coarſeſt of all, which lets every Thing through. For this 
Reaſon it is, that a ſingle Sheet of perfectly white Paper, 
covering the Hat of a Traveller, or the Cap of a Child 
that walks, ſaves him from exceſſive Heat, by reflecting 
it into the Air. For the ſame Reaſon it is, that black 
Stuffs, and all black Bodies, are fooner heated, and more 
eaſily burnt, | | 
Here the whole Science of Phyfics, with all the Syſtems, 
preſents itſelf to give us a clear Conception, by what Me- 
chaniſm the Subſtance of Light performs all theſe Miracles. 
One Hypotheſis pretends to account for them all, by 
making the Globules of Light of Particles of unequal 
Sizes; ſo that the biggeſt ſhall form the Red, and the 
ſmalleſt make the Purple: And in order to ſupport this 
 Suppoi- 
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Suppoſition, they have Recourſe to the Violence of the 
Red, which fatigues the Eye, while the Violet affects it 
but very moderately. Another Syſtem pretends to extri- 
cate itſelf better, by giving the Globules of the Light, 
or their Particles, different Degrees of Swiftneſs, Ano- 
ther, afraid of altering by theſe Inequalities the Equili- 
brium efſential to Fluids, will needs have Recourſe to a 
Diverſity of Figures in the Particles of Light, and in the 
Pores of the Surfaces ſtruck by them. Many other Sy- 


ſtems may be deviſed and thought of. It is fit we ſhould 


liſten to them all, and be bigotted to none; not only be- 
cauſe there is no Explication, that can account for every 
Thing we ſee in Nature ; but becauſe we are not ſure, 
that the Mechaniſm, which appears to us the moſt proba- 
ble, is exactly what the Almighty made uſe of. But the 
Benefit we may reap from hon little Syſtems invented by 
Men, is this; that though there were in Light no other 
than the Art we endeavour to conceive therein (and no 
doubt what we thus imagine 1s far inferior to Reality) yet 
does it always hold true, that there is in Light no Globule 
or Particle, but has received its proper Shape and Weight, 
its Degrees of Swiftneſs, its Place, and appointed Courſe. 
Whatever Syſtem or Oeconomy we may be tempted to 
eſpouſe, in the one as well as in the other, it is evident, 
from the Regularity of the Effects, that all theſe Particles 
of Light have received Orders peculiar to them, and which 
they moſt faithfully execute. They march together, but 
every one in its Rank. One never anticipates the Right 
of another. In ſome Caſes, they are to enter Bodies with- 
out any Order or Diſtinction. In others the Precedency 
is fix'd between them. When they go ſeparately, in en- 
tering the Red always goes firſt, and the Orange and other 
Colours enter in their Turn, but Side-ways, and with 
Deviation, as it were, or a Glance. The Purple always 
take the laſt Rank of all. The Order of their Return is 
no leſs regular. When theſe Colours fall on a Surface 
which can admit them all, and at the ſame Time the Obli- 
quity under which they fall begins to be great; the Purple 
rebounds the firſt, and no longer paſſes through the Sur- 
face. The Indigo ſollows next, and the other Colours do 
the fame, as the Obliquity increaſes. The Red continues 
ite Cou ſe longer, and is the laſt reflected. 

From 
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From what has been juſt obſerved we conceive, that 
God, who alone was able to form the exterior and ſen— 
ſible Surface of all organized Bodies, has alſo taken care, 
in a Diſtribution truly immenſe, to regulate the Form, the 
Denſity, and Order of the very minuteſt Elements, of 
which their Maſſes are compoſed ; that the Shape and 
Interſtices of thoſe minute Elements might prelerve a juſt 
and an exact Proportion with the ſuperlative Minuteneſs 
of the Particles of Light; and that theſe Particles, being 
themſelves of ſeven different Kinds, they might ſometimes 
rebound from theſe ſmall Elements, ſometimes croſs their 
Interſtices, and thus produce Effects always new and re- 
gular. From this noble Oeconomy, eſtabliſh'd in the 
Senſations our Souls experience; from that Order we juſt 
now admired in the Structure of the Rays of the Light; 
in ſhort, from that which we cannot refuſe to acknowledge 
in the very minuteſt Elements; I ſay, from theſe three 
Orders, eftabliſh'd one upon another, and indeed uſeleſs 
without each other, the Sight and Uſe. of Nature do re- 
fult. For whoſe ſake then have ſo many Precautions and 
ſo much Care been taken ? 
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LL Bodies expoſed to the Aſpect of the Sun re- 
ceive their Light and Colour from him. We more- 

over ſee theſe Bodies attended by a Shape inſeparable from 
them, and which may in its Turn deſerve our Attention. 
Shadow is not, like Darkneſs, a Thing of nought. It is 
attenuated Light; a more or leſs conſiderable Diminution 
of it, reflected from the Surface of Bodies, in a Place to 
which the Sun cannot directly throw its own. Laws in- 
variable, and as antient as the World, cauſe that Light to 
daſh from one Body upon another, and from this ſucceſ- 
ively on a third, and fo on like Water in a Caſcade, but 
aways with new Diminutions of Force from one Fall to 
another. Were it not for theſe all-wiſe Laws, whatever 1s not 
immediately, and without any Obſtacle interpoſed, under 
the Sun, muſt be immerſed in total Darkneſs. While the Sun 
delights the Eyes of thoſe who are in the Court of a Build- 
ing, thoſe who have a mind to view the Inſide, or the oppo- 
lite Front of it, would on a-ſudden be wrapt in the darkeſt 


Obſcurity; and the Tranſition, from the inlighten d _m_ 
| | 0 
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of Objects, to that which the Sun does not ſhine on, would 
throughout Nature be like the Paſſage from the Surface 
of the Earth to the Inſide of Vaults and Cellars, But 
by an Effect of thoſe powerful Springs, which God has 
prepared in every individual Particle of that thin Sub- 
ſtance, it impels all the Bodies on which it falls, and is re- 
pell'd thereby, on account both of its Spring and the Re- 
ſiſtance it finds from them. It daſhes on and bounds from 
the Bodies it has ſtruck and brighten'd by its direct Influ- 
ence. From theſe it is carried on to thoſe round about ; 
and though it thus paſſes from the one to the other with 
a continual Loſs, it ſhews us even thoſe not expoſed to 
the Sun. From one Surface to another, and from turn to 
turn, it at laſt reaches the remoteſt Receſſes; and when it 
can no longer there procure us the diſtin& Sight of Objects, 
it ſtill ſhews them us confuſedly : It at laſt prevents our 
falling, and informs us of all Dangers. 

What the whole Maſs of Light does in Nature in great, 
by changing itſelf into a Twilight after Sun-ſet, each in- 
dividual Ray of Light does at every Inſtant, intransform- 
ing itſelf into a Shade by its ſeveral Daſhings. Any Por- 
tion of Light which has already been of Uſe to us, in- 
ſtead of ſuddenly ceaſing to be of Service, on the con- 
trary prolongs and even varies it, as it grows weaker. 
Theſe ſeveral Degrees of Force rule our Actions, and ſuit 
themſelves to our Wants. The great Beauty and lively 
Splendor of the pure Light, makes us ſet our Apartments 
towards the Sun, from whom our Life and Health pro- 
ceed. The darkeſt Side will ſerve to lay up in Store ſuch 
Things as ſhun the Heat or a glaring Light. The Shade 
* ſerves us to judge of the Situation of Objects, as well as 
to be the more ſenſible of their Diſtances : It ſeems to 
make two different Colours of one, by taking from it the 
Brightneſs it had in the broad Day-light: The Scarlet 
ſeems to change its Nature, when it comes into the Shade : 
It will undergo. another Alteration, when it enters into a 
Shade that is deeper. All Bodies, even thoſe of the bright- 
eſt Colours, become darker, as they decline from the In- 
fluences of the Sun, and from the firſt Reflexions of the 
Light, which cauſes in every Part a Difference extremely 
uſeful. For in ſetting off an Object by the Help of a 


Ground, or of another Object next to it, more * 
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dark, it imbelliſhes, characterizes, and diſtinguiſhes in our 


Eyes, what the Remoteneſs or the Uniformity of Colour 
would have confounded. 

It is the Study of that Mixture, and of The Shades in 
thoſe gradual Attenuations of the Light Painting, 
and Shades, which makes one of the no- 
bleſt Parts of Painting. In vain would the Painter know 
how to compoſe a Subject, to place his Figures, and to 
draw the Whole in a correct Manner, if he knew not, by 
the Attenuations and exact Degrees of Light and Shade, 
how to make ſome Objects draw near, cthers to ſit back, 
and to give them all their Contours or Out-lines, their Di- 
ſtances and different Degrees of Strength, and the Appear - 
ance of Reality and Life. Draughts-men or Deſigners, 
to expreſs their Thoughts, only uſe weaker or ſtronger 
Shades. Ingravers, in order to multiply | 
the Copies of the nobleſt Pictures, uſe no Is OG. 
other Colour than the White of their Paper, which they 
convert into as many Objects as they 5 
pleaſe, by the Strength and Degrees of r 
Shade with which they cover it: Or elſe, Is 
they do the Reverſe, and furrow the whole Copper-plate 
with large Strokes; ſo that the Paper they ſhould apply 
thereto, when blacken'd, would from the Preſs preſent 
nothing but an uniform Shade, or a univerſal Black, They 
afterwards ſcratch or burniſh out of their Plate, more or 
leſs of theſe Strokes. The weaken'd Parts of the Shade 
become ſo many Points of the Object; and the more 
theſe Points of Shade are flat and well razed, the ſtrong- 
er and the better heighten'd are the Lines of the Ob- 


ject, 


Beſides the important Service of con- The Coolneſs of 
veying a greater Diſtinctneſs in the Pic- the Shade. 
ture of Nature, the Shade conveys with 
it every- where another far greater Advantage; I mean, 
Coolneſs. This, with —— to Cold, is what Shade is to 
Darkneſs. Cold is no more than the Abſence of Heat, 
as Darkneſs is only the Privation of Light: And as the 
Shade does not take the Uſe of the Day from us, the 
Coolneſs, which attends it, does not deprive us of the Uſe 
of a mild and moderate Warmth, 

As the Summer comes on, and this Coolneſs — 

neceſ- 
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neceſſary, God ſpreads and thickens the Shades which pro- 
cure it for us. He gives Strength to the Leaves, and pre- 
pares convenient Coverts, under which the drooping 
Flocks ſhun the Beams and Heat of the Sun, Man 
comes thither to refreſh his exhauſted: Spirits: There he 
enjoys the Cool, without being in the Dark: "There he 


continues his Work, without being deprived of the Sight 


of Nature. When the Return of Winter ſhall again bring 
him to his Fire-ſide, then ſhall the Leaves become uſcle's 
to him; and then is the Time of their Fall: But Man ſhall 
ſee them ſpring again with his renew'd Wants. 

, 'That Shade, ſo uſeful in its own Na- 
ture, becomes ſtill more ſo by the Induſ- 
try of Man, and by the Attention he gave 
to the ſeveral Uſes of it. When he ſees it follow exact- 
ly all the Situations of the Sun; or rather, when he ob- 
ſerves, that the Motions of the Shade are the ſame as thoſe 
of the Rays which would fall on the Ground, were they 
not interrupted in their Courſe; he informs himſelf of the 
Path of the Sun, by that of the Shade: He makes the 
Shade of a Pyramid, a Style, or a Column to fall on 
Lines and on Points, where it ſhews him at one View, and 
without any Trouble on his Part, the Hour of the Day, 
the Elevation of the Sun above the Horrzon, and the ex- 
act Point of the celeſtial Sign it is actually in. The Rea- 
ſon of which is eaſy to be conceived. Let ns imagine 
in the Heaven a Point exactly over our Head, and which 
we ſhall call Zenith, after the Arabians, who, next to the 
Greeks, were our Maſters in Aſtronomy, and have fix'd 
the Terms of it. Let us ſet up a Pyramid or a ſimple 
Pole perfectly perpendicular; and let us extend it in Ima- 
gination up to the Zenith, by a perpendicular Line reach- 
ing from one to the other, If the Sun ſhould come to our 
Zenith, one of its Rays would fall down that perpen- 
dicular on the Pyramid; the Point of which oppoſing 
to that Ray no greater Obſtacle on one Side than on 
the other, it would form no Shade. But if the Sun de- 
viates from the Zenith, its Ray falling obliquely on the 
Top of the Pyramid, the Point of Shade made by its Top 
on the Earth ſhall be diſtant from the Foot of the Pyra- 
mid, in proportion as the Sun ſhall be diſtant from the 
Zenith; and the Length of the Shade may then be call'd 
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the Diſtance of the Sun from the Zenith for that Day. If 
the Length of the Shade varies from Day to Day, at the 
Moment of the Sun's greateſt Elevation, when he is in the 
kicridian or at Mid- day, it may be calculated how much 
the Sun draws near or recedes from the Zenith in the Com- 
pals of a year. That Shade on the 21ſt of June N. S. is 
the ſhorteſt, and on the 22d of December N. S. the longeſt 
it can be in the whole Year. All theſe Points of Shade, 
{i:hfully obſerved and mark'd, ſhall then be the faithful 
Image of the ſeveral Situations of the Sun in the Heavens, 
:nd the ſucceſſive Inequalities of that Shade ſhall expreſs 
the Succeſſion, Order, and Limits, of the Courle of the 
Sun. 

Inſtead of the Shade, we may make uſe 
of a briſ Ray of Light through a Shade 22 
or Hole, which comes, and with its Extre- * 
mity whitens and marks out, among Points and Lines 
drawn on the Ground or otherwiſe, the Place which re- 
lates to the Progreſs of the Day or of the current Month. 
dome uſe a ſmall round Aperture in the Cieling or the 
Wall, having a South Aſpect, on a Pavement or an in- 
laid Floor. They lay on that Pavement, rather than on 
the inlaid Work which the ſultry Heat or the wet Wea- 
ther always injures, a Lamina of Marble or of Copper, 
which directs its Extremities towards each Pole. This 
Line is call'd a Meridian-line; becauſe it neceſſarily takes 
in all the Points on which the Ray of the Sun will fall eve- 
ry Day of the Year, at the Inſtant when that Star is equal- 
ly diſtant from the Place of its Riſing and that of its Set- 
ting. And as it riſes or goes down differently in the Hea- 
ven, according to the Seaſons of the Year, the Point of 
Mid-day, though always received upon that Lamina, falls 
thereon higher or lower, according to the Situation of the 
Sun. This Variety is there expreſs'd by ſo many Marks, 
which point out to you and exactly diſtinguiſh the Solſtices, 
tie Equinoxes, and the daily Diſtances of the Sun fromthe 
{-quator, towards either of the two Tropicks, between 
which its Courſe is confined. 

Such is that famous Line, which Ignatio Danti, a Do- 
minican, delineated in the Church of St. Petrone of Bologna, 
4199 1575, to mark out chiefly the Points of the Solſtices 
and the Equinoxes, the Non-obſervance of which had = 

tur be 
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turbed the Order of the Holy-days. That Line wa; pla- 
ced in ſome other Part of the ſame Church, and infinitely 
improved by the great Caſfini. 

Of this Sort is the Meridian: line delineated at the Royal 
Obſervatory, Such are all thoſe, which private Perſons 
now make in their own Studies, or in any other Place, the 
better to regulate their Pendulums. - 

Another quite different Uſe of the Shade, 
5 dark or rather of the Light ſurrounded with the 

OOm. . 

deepeſt Darkneſs, is commonly made. They 
put upon a Table a kind of little Chamber or Tent, ſup- 
ported by Laths, and well cloſed with good ſtrong Cloth; 
This Tent, which moſt commonly is made in Form of a 
Pyramid, is terminated by alarge Glaſs of a lenticular Form, 
above which are two ſmall upright Points, deſign'd to ſup- 
port, and at Pleaſure to incline a flat Looking-glaſs. The 
Rays of the Objects from every Side fall on this“ Glaſs, 
whence by the juſt Diſpoſition given them, they are reflect- 
ed on the lenticular Glaſs, horizontally placed at the Topof 
the little Chamber. This Glaſs, which is thicker in the 
Middle than at the Edges, refracts and draws theſe Rays 
near each other, ſo that they paint in Miniature the Image 
of the Objects on the Bottom of the Room, whereon a Li- 
nen-cloth or a white Paper is laid, in order to give them 
more Strength. If you turn your Back to the Object, and 
put your Head under the Fore-curtain, but in ſuch a man- 
ner, that the Light cannot get into the Tent, the external 
Objects are ſeen painted there with all their Colours: It is 
not poſſible to ſee a more exact Proſpe& or Landſkip v/hat- 
ever. It is Nature itſelf. | 

* 'This Looking-glaſe, being inclined ſo as to form an Angle of 45 
Degrees with the lenticular Glaſs, horizontally placed; the Raj» 
which from he Objects come almoſt parallel ro the Horizon upon the 
Glaſs, form with its Surface an Angle of 45 Degrees, and are reflected 
by a like Angle, the Reſlettion being equal to the Incidence. Now theſe 
two Angles, and that which is between them, are equivalent to tuo 
right Angles; therefore the two Angles on the Surface of the Looking- 

laſs being together 90 Degrees, the other between them is likewiſe 99 

egrees. But a right Angle, or one of 90 Degrees, is form'd with two 
Lines, one of which is endicular to the other. Therefore the Rays, 
which fall upon the Looking-glafs in a Directien xarallel to the Hori- 
zon, are then ſent back in a parallel manner upon the lenticular Glaſ, 
thro' which they paſs, and are collected at the lower End of the Cats” 
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This pretty Invention goes farther than mere Amuſe- 
ment. We may very uſefully exerciſe ourſelves, in deli- 
neating on a Paper the Out- lines of the Objects. We may 
place, at the proper Diſtance, a Perſon whom we order to 
put himſelf in this or that Poſture, or take ſuch or ſuch an 
Air of the Head, and any other Attitude we may want: 
And it is not only an eaſy Matter to exerciſe one's ſelf in 
the moſt difficult Parts of Drawing; but we ſhall likewiſe 
in a very ſhort time take the Profil and Proſpect of a Caſtle, 
of a Landſkip, or of a large Town with its Towers and 
Steeples. By this means, you are ſure of the Exactneſs of tho 
Figures and Situations. You afterwards take the Time ne- 
ceſſary to ſhadow each Piece, according to the Degree or 
Force it ſhould have, or to colour the whole, without loſ- 
ing Sight of the Original you copy after. Thus Nature 
proves the moſt learned and moſtconvenientof Maſters to us, 

It is an eaſy Matter to make of Shade another, indeedleſs 
entertaining, but ſometimes more neceſſary Uſe. You have 
a mind, without giving yourfelf any Trouble, and without 
any Inſtrument, to know the Height of a Tree, a Building, 
a Steeple, or Hill. The Shade of theſe Objects will im- 
mediately acquaint you with the Truth of the Matter ; pro- 
vided you do not make the Operation immediately after the 
Riſing or before the Setting of the Sun; becauſe the Sha- 
cow at that Time ſhortens or lengthens ſo ſuddenly, that 
* would be a Miſreckoning from one Moment to an- 
other. 

Thruſt into the Earth a Stick perfectly up- 
tight and perpendicular. Meaſure the Shade To know the 
of it. This 1s either longer, ſhorter, or e- . 
qual to the Stick. It will be with the Shade Sil. 
of the Tower compared with the Height 


thereof, as with the Shade of the Stick compared with the - 


Heigth of the Stick itſelf. Meaſure the Length of the Shade 
of the Tower, which ſuppoſe you found to be twelve Fa- 
moms. Aſter having in the ſame manner meaſured the Shade 
of the Stick, divide the laſt Length into twelve equal Parts, 
viich we ſhall call Inches, Minutes, or any other Name you 
pleaſe. By applying that Meaſure to the Stick, you, for 
Inſtance, find, that it is but ten Inches, or ten of thoſe e- 
tual Diviſions or Parts. This being ſo, the Shade of the 
ck is of Courſe two Inches longer than the Stick * 

The 
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The Shade of the Tower does then likewiſe exceed the 
Heigth of the Tower by two Fathoms and thence you ate 
unqueſtionably inform'd, that the Tower is ten Fathom 
high. If, on the contrary, the Shade of the Tower hay. 
pens to be eight Fathoms, and the Stick to exceed by two 
Inches or Parts its own Shade, which you ſhall have divid. 
ed into eight equal Parts, it thence follows, that the Tower 
is by two Fathoms higher than its Shade is long: It is then 
ten Fathom high. Finally, if the Stick is equal to its Shade, 
and the Shade of the Tower, immediately meaſured, proves 
to be ten Fathoms, you may, without any other Calculation, 
be certain, that the Tower and its Shade are equal, and 
that its Height 1s ten Fathoms. 

This Compariſon of the determined Heightof a Pyramid, 
or any other Gnomon {or Object ſet up, to inform us of 
ſomething by its Shade) affords us an excellent Method of 
fixing certain Points of Geography. For Inſtance; if we 


know, from faithful Memoirs, the Proportion, which is at 


Pekin, between a Tower a hundred Foot high and its Sha- 
dow, on the Day of the Summer-ſolſtice at Noon, and at 
the ſame time find another Proportion at Paris, between a 
Gnomon one hundred Foot high and its Shade; from the 
Difference of theſe Proportions we are inform'd, how much 
Pekin is nearer than we to the Line which bounds the 
Courſe of the Sun. For the nearer a Place is to the per- 
pendicular Fall of the Rays of the Sun at Noon, the ſhort- 
er likewiſe in that Place will be the Shade of the Towers. 
We may then judge how much nearer one Town is to the 
Point of the Solſtice than another, from the Inequality of 
the Shade of two Towers of the ſame Height under the 
Meridian Sun of any particular Day. 

Though the Art of Man contributes ſomething to theſe 
ſeveral Operations; it. conſiſts only in obſerving the Mo- 
tions of the Light, and in making uſe of the Helps which 
Light affords us. The Fluid, in ſome meaſure, wherein 
all theſe Lines and ſeveral Directions ſubſiſts, touches us 
immediately: But the Source of thoſe regular Motions, 
which are there perpetually operating for us, is thirty three 
Millions of Leagues diſtant from us. 
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ie placed the Sun, has made it the Center of the Di- 1 
of Whenſation of that Day and thoſe Colours, which were to 105 f 
ic ender the World vifible: But this profound Wiſdom, which | 1 | 
lelights in bringing a Multitude of great Effects out of one 1 p | 
ſe Wand the ſame Inſtrument, has defign'd morover the Acti- 1 | ; 
„i of that wonderful Globe, to diſtribute throughout the * [68 
ch arth the juſt and exact Quantity of Heat, which there- | 4818 
in in gives Life to Animals and Plants. It is true, Heat can 114 
us create nothing. Organized Bodies are not indebted to it 11 
15, bor their Structure; and the Elements, which nouriſh theſe | 43h 
organized Bodies, have alſo their peculiar Nature inde- I 11 
pendent on Heat. But it is with good Reaſon, that Heat I 1 
ſtyled vivifying; ſince God has appointed it, to ſet the WINK | 
tement at work, and to aſſiſt organized Bodies in their 114 


: Unfold. 


_ 
2 
1 —— 
wh 4 9——ç— 
- 


S 3 I — * 


pA Gb E XI. 


Unfolding, Growth, and Perfection. It is that Heat which 
gives Birth to the Winds, by dilating the Air. It is that, 
which, by raiſing the Water on high, every where conveys 
Coolneſs, Refreſhment, and Plenty. It is that which makes 
Men long to enjoy the Sun, which beſtows on them not 
only fine Days but even Breath and Life. We all of 
us, without the Help of any Arguments or Inquiries, are 
ſenſible of the ſecret Relations, which are between the 
Heat of the Sun and our Life. We value our Habita. 
tions, only as they enjoy the Aſpe& and Influence of that 
Star. We have no opinion of, and diſtruſt ſuch as are 
but obliquely influenced by it. When they are totally 
deprived of it, we compare them to 'Tombs : And it 1; 
becauſe the Sun warms whatever it lightens, that we ſtyle 
it the Soul of Nature. 

But let us not entertain an Idea of it more advanta- 
geaus than Truth will admit; and let us be ſure not to fall 
into the {ame Miſtake as thoſe Nations and Philoſophers 
did, who honour'd it as the Father of Light and Fire. In 
the great Remoteneſs of the Sun, and in the darkeſt 
Night, we ſtill have the Uſe of Fire at our Command, 
There may be then at leaſt one ſort of Fire, which we 
do not always receive from the Sun the Moment we uſe 
it; and it will perhaps be the ſame with the Fire or Heat 
which we experience in Preſence of the Sun, as with the 
Light itſelf. We have remarked that Light was not any 
Emanation of the Subſtance of the Sun : That it was be- 
fore and not in it: That it was as effectually round us 
during the Night, wherein the minuteſt Spark of Fire 
renders it ſenſible to us, as it is in the broad Day-light, 
when the Sun puſhes it violently upon us ; in ſhort, that 
the Sun is not, any more than a ſingle Spark, the Mo- 
ver of the Body of the Light. Though the Light ſhould 
in itſelf then be a real Fire, the Sun, which puſhes it to- 
wards us, would at moſt be only a magnificent Inſtrument, 
defign'd to communicate to a great Diſtance the Uſe of 
the Fire, by the Univerſality of the Impreſſion it gives the 
Light ; and we ſhall always be forced to look higher 


than the Sun for the Principle of that immenſe Action 

and the Original of this noble Oeconomy. 
But the Intention which has form'd theſe Springs, and 
the Hand which governs them, will become more ſenſible 
N _ —— Ms 
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to you; nay, you muſt needs be amazed, at the Conſide- 
ration of the Precautions ſo wiſely taken to ſecure the 
Length of our Days, when I come to ſhew you, that, be- 
fides the Light which fills the Univerſe, God has placed 
near us, and purely for our Sake, as well in the lower 
Strata of the Air, as within the Outer-cruſt of our Earth, 
an Element full of Force and Activity, which we ſhall call 
the terreſtrial Fire: That it is this Fire which is the con- 
ant Support of our Life: That it owes its Exiſtence nei- 
ther to the Sun nor to the Light; and that what it receives 
from the Sun, amounts to no more than a ftronger or 
weaker Impulſe, which it receives from it, by means of 
that Fluid the Light, which extends from one to the other. 

To avoid all Diſputes, I ſhall grant, if you pleaſe, that 

Light 1s a real Fire, and that it can both burn and give 
Light, in proportion as its Activity, or the Impulſe it has 
received, is greater. You may call this the celeſtial Fire, 

if it burns by itſelf, and not by means of our Fire. But it 

Wy {cms to be evident, that there is a terreſtrial Fire, very 
near us: That it enters more or leſs into the Compoſition 

[ WF of terreſtrial Bodies: That it is diſperſed through the whole 
Maſs of the Air, eſpecially of the lower Air: That it is not 
preceptible in terreſtrial Bodies, ſo long as it remains im- 


e priſon'd therein: That it is not viſible in the Air, ſo long 
as it is in Equilibrio, and equally diſtributed therein; but 
* WF that it breaks out, when it is agitated or confined ; in 
ort, that, far from being the Light, it has the ſingular 
Property of being puſh'd and acted on by the Light when 
* WH agitated, and of making, in its Turn, the Light ſhine hy 
© Wl r-pelling it. I ſhall rather make uſe of Matters of Fact 
, tian Arguments, to convince you of thoſe extraordinary 


Means, by which God preſerves Mankind, and in which 
we find the affecting Proofs of a Benevolence, which could 
d have no other Object than ourſelves. 


dark Place, and convey the brighteſt Light through the 
Windows of a Room wherein we feel an exceſſive Cold. 
2. The Fire, which comes out of a German Stove, ſen- 
libly affects us, without making the leaſt Impreſſion on the 
Eye, otherwiſe ſo eaſy to be affected; becauſe that Fire, 
though abundant, is much diſperſed, equally diſtributed, 
and incapable of puſhing the Light upon our Eyes; ex- 
Vor. IV. G cept 


1. We may experience a very genteel Warmth in a very 
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cept where it is agitated, confined, and accelerated. On 
the contrary, the Light reflected by the Body of the Moon 


makes a ſtrong Impreſſion upon the Eye, without having 
however the leaſt Heat. Here is then a very plentiful 
_ without Light, and a very bright Light without 

Lat. 

3. But it is an eaſy matter to diſunite the terreſtrial 
Fire, and the Light ſtill more. Let us place ourſelves on 
the Top of the Alps, or on the Pico of Teyde in the Ifland 
Teneriqe, almoſt at the Entrance of the Torrid Zone; or 
rather ſtill on the Top of the Cordilieras in Peru, which 


is in the very Middle of the ſame Zone, and on the high- 


eſt Mountains in the Univerſe. You imagine, as you a- 
ſcend, and more and more approach towards the Sun, that 
you are going to experience a greater Heat. But I adviſe 
you not to venture that Journey ſlightly cloath'd : For, 


J muft tell you, you may not be abſolutely free from 


(ſhivering under the warmeſt Furs. The more you {hall 
aſcend, the ſharper will the Cold appear to you. The 
Air of the Pico, under the twenty eighth Degree of Dit. 
tance from the A:quator, is ſharper, though without Wind, 
and in the Month of Auguſt, than the Air of Lemm un- 
der the fifty ſecond Degree of Latitude, and during the 
hardeſt Froſts that were ever experienced there, This 


Fact, atteſted by very credible *Witnefles, may ſerve in 


ſome Meaſure to determine whether the Body of Fire 
comes from above, or refides below. But as you might 
be inclined to think, that the Force of the Light is owing 
to the Reflexion of the Plains, inſtead of a Mountain ter- 
nanating in a Point, let us chuſe the Cordilieras of Peri, 
You are not to imagine then ſo many irregular Pyramids, 
We on the contrary find there very ſpacious Plains, ſeve- 
ral Hundreds of Leagues in Length, and which being 
hizher than the Region of the Clouds, and terreſtrial Va- 
pours, are covered with a pure Light, which mult needs be 
there very active and powerful; falling on it every Day 


almoſt perpendicularly: No Wind can come there to 


* The Air, at the Top of the Pico, was as cold as I have known it in 
E<61Aa8xDin the H arpeſt Froſt I was ever in. Extra from the Rele- 
un of the Voyage made to the Top of the Pico, by M. J. EDEN» 

. ..::07, Tranſat, abridged, Vol, 5. ii. Pag. 147. 
weaken, 
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weaken, or Fog to blunt it. Nothing, in ſhort, can be 1 
more ſharp and lively than the Reflexion of that Light. { 
Yet thoſe Places are deſtitute of all Heat. It cannot ſo | 
much as melt the Snows which lie beneath on the Decli- | 
j 
| 


vities, or aſſiſt the Production of any Plant whatever, No 
Traveller ever ventures on this dangerous Journey, with - 
out covering himſelf as warm as he would be in the North. 14 
He ſometimes is frighten'd on finding Men and Horſes "WY 
dead with Cold, which continue ſtiff and uncorrupted for Wi | 
ſeveral Years together, in Places perfectly inacceffible to 14 


Heat, Rain, and Inſects. f | 
Were Light the ſame Thing as our Fire, the Heat al- 
ways would increaſe in Proportion to the Light, when it 
is not croſs'd by the Wind, or intercepted by any Clouds. \'P 
Here is however an extremely brilliant and perfectly re- 1 
fected Light, which yeilds but little, or rather no Heat | 1 
at all. I have then ſtill the greater Reaſon to think, that 
if the Light, which we receive in our Climates, is therein | 
accompanied with great Heats, it is becauſe it puſhes to- 
wards us a Fire which it finds there, and which does not | 
abound ſo much in more elevated Places. Wl! 
4. And really, as I deſcend from the Top of theſe cold "101 
Mountains, (and we ſind the ſame thing alſo in coming WW, 
down the Alps and the Apennine) I breathe a milder Air. 
I proceed to Places, where the undermoſt Snows begin to 
melt, while the uppermoſt remain impenetrable to the 
Light, how bright and glaring ſoever it may be. As 1 
come ſtill lower, I perceive a little Graſs, and the Fertili- 
ty increaſes together with the Impreſſions of the Heat. 
Soon aſter I walk a-croſs Herbage and Woods; and at 
lat I am (though the Sun be juſt up) obliged to rid my- 1 
ſelf of the Burden of my Cloaths, which overweigh me, 9 


3 > = 
— 
2 - * = 


. 


„ 


10 whereas they ſcarce could ſhelter me againſt the ſharp 1 

* Cold of the Upper-grounds. The Change I experience, 'Þ 

he as I draw nearer the Plain, is then in the Fire itſelf, and . 

ay not in the Light. The Fire abandon'd me before, as ! q 

to went from the lower Lands, and every thing, as it u ee, 2 
invites me to confeſs it muſt reſide there. N 

oh My firit Suſpicion is confirm'd from other Experiments. q 


A burning Coal, which, being offer'd to the Focus of a 
ſpherical concave Glaſs, darts its Heat by parallel Rays 
n, on another Glaſs placed at forty, or even f.fty Pace Diitauce, 
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ſends thither a ſufficient Number of them, by a reflex Tire, 
to burn a few combuſtible Matters in the Focus of this lat 
concave Glaſs : Whereas the Light of the Moon, heigth. 
ened by the Re- union, and giving in the focal Point a De. 
gree of Brightneſs, which Meſſieurs of the Academy of 
Sciences judge to be five hundred times greater than that 
of the Full Moon, warms nothing there, nor does ſo much 
as cauſe the leaſt Agitation imaginable in the Liquor of the 
Thermometer, which even the Approach of the Hand is 
capable of raiſing. A very little Fire then diſplays a preat- 
er Capacity for burning, than a very great Light does: 
And who knows but the Light does not burn by its own 
Power, but by the Mediation and Interpoſition of the Fire 
it puſhes forth, when it is come up to a certain Degree 
of Activity, or when, being bent in the Convexity of a 
Glaſs, it unites its whole Force in a ſingle Point, and there 
ſtrongly quickens the Fire it meets with, becauſe this re- 
ſides in the Air? 
Let us not degrade Light: Let us ſuffer it to enjoy the no: 
Reputation it has, of being able to warm and burn in pro fro: 
01tion to its Strength. How queſtionable ſoever this it {ho 
e may become, from the foregoing Experiments; c 
it is enough that we have made it good, that there is af tha 
terreſtrial Fire, amidſt which we live, which becomes ſen it is 
ſible when the Light of the Sun preſſes on and puſte in - 
it towards us, and which makes the Light ſhine in the han 
middle of Darkneſs, when it is with Violence carried a our 
gainſt it. the 
6. The Light without any Eindrance paſſes through pes 
Cryital, Glaſs, and Jewels, But moſt of theſe tranſparent] t: 
M=tters ceaſe to be fo, the Moment the Fire penctrate int 


through or makes them red; and that Fire, very far from I 
being the Light, does then actually reflect and intireh tu. 
repe] it, without yielding it any Pa ſſage. but 

7. The Light of the Sun, which ſhines with but ver «cr 
little Heat, even in the midſt of Summer, on Mountains tne 
where it finds leſs Fire to preſs, ſo ſwiftly throws dow! Ele 
upon us the more abundant Fire it finds in the lower Als, tri 
that it renders it furious, and make us ſuffer ſultry Heat UH 
even when it no longer ſhines above our Horizon, a be. 
when the Night is come. Was Lig':t Fire, we ſhould mT WS 


(xceſſive Heats, before as well as after the Solſtice, anc de. 


' 
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May as well as in Ju. The Light, at the End of theſe 
Months, is equally briſk and active: That at Nine o'Clock 
in the Morning 1s the ſame as at 'Three in the Afternoon, 
But the firſt only begins to quicken the Fire, whereas the 
Fire violently agitated, ſtill maintains its Fury a long 
time after the ſecond is gone. The Light does then only 
irritate the Fire, and is not the ſelf-ſame Thing with it. 

8. What makes us confound them is, the Cuſtom of 
ſeeing them ſcarce ever aſunder. Above all we are apt to 
believe, that a Stroke of Light is in itſelf a Stroke of Fire, 
when we ſee it paſs through a lenticular, or reflected from 
a concave Glaſs, and there burn or calcine what is offer'd 
to the Focus. But the Light is not of itſelf perhaps more 
burning in that Point than in any other: It is true, its 
Activity and all its Efforts are center'd'there. It prodi- 
giouſly quickens the {mall Quantity of Fire which it finds 
there, and which, as it were, it keeps cloſely impriſon'd. 
It adds Rage and Power to the Fire it finds there, but does 
not bring it thither; or if it there precipitates the Fire 
from ſeveral points, yet that 1s no Argument, why we 
ſhould confound it with the Light, 

9. So many are the Proofs we have produced, to ſhew 
that Light is diſperſed throughout the Univerie, and that 


it is preient every where, even when it is unmoved, and 


in Appearance void of Action: ſo many certain Evidences 
have we to convince us, that that Fire has been placed for 
our Service, not above the Air, as Ariſtotlè thought, or in 
the Light, as we are apt to fancy from ſome doubtful Ap- 
pearances, but in the lowermoſt Regions of the Air, iu 
the Neighbourhood of che Earth, and to a certain Depth 
in the Earth itſelf. 

Neither need we fear that this precious Element, the 
tra2 Support of the Life of our Bodies, (and who knows 
but that it may be that Life itſelf ?) ſhould be any way hin- 
der'd in its Operations, from its having been placed in 
tie groſs Air, in the Water, and in the Earth. How theſe 
Elements are conſtructed, I indeed know not: But what 
ſtrikes every attentive Eye is, that the Structure and Ar- 
tiice of them is ſuch, that they unitedly produce the no- 
bleſt Effects, and that oftentimes the one is perfectly void 
of Power without the Aſſiſtance of the other. Light in- 
created accelerates the Motion of Fire: The F * — 
ected 
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lected dilates the Air; the dilated Air raiſes the Water, 
the Oil, and the Salt. All the Elements blended together 
roll in the Atmoſphere, whence they ſpread all over the 
Harth, and ſcatter their Bleſſings on every Part of it. You 
tee at one View the Conſequence of this wiſe Mixture. 

Though perfectly impenetrable by our Underſtanding, 
it is demonſtrated by Matters of Fact; and it is in parti- 
cular an unqueſtionable Truth, that the Element of Fire 
reſides in the Air we breathe, in the Water we drink, ard 
in the Earth which nouriſhes us. The Air, when depriv- 
ed of Fire in receding from the Earth, hecomes intolera- 
ble: The Water, no longer ſupported by this Fire, refuſes 
to flow for our Uſe, and by freezing becomes as hard as a 
Stone: And the Earth, deſtitute of it, is a heavy Mats, 
void of Action and Utility. 

Fire dwells in the Bowels of the Earth, at leaſt to a cer- 
tain Depth : It ruſhes out-of it, through the Crevices and 
Openings of Volcano's. The Water carries it, together 
with the Sulphur, a great Way from the Iron Mines. It 
is waſh'd from them, and we ſee it iſſue together with the 
Mire of hot Baths. It is not leſs real, for its apparent In- 
activity in the Filaments of Sulphur, in Fat, in Woods, 
and in all vegetable Bodies. A briſk Shock diſcloſes the 
Fire, which reſides, even in the Bowels of Flints, or at 
leaſt the Fire of the Air, which 1s catch d between the two 
Points that ſtrike againſt each other. 

The rubbing of Glaſs-tubes, or of the Axle-tree of a 
Wheel, not only heats them, by quickening the Fire, 
which makes a Part of their Subſtance ; but even diſplays 
Particles of that Element, oftentimes capable of cauling a 
Conflagration, Theſe Sparks, fetch'd either from Stones, 
or out of the Air, ard violently agitated againſt cch other 
between two Mill ft.nes without Corn between them, ac- 
quire a Degree of Force capable of ſetting the Timber- 
work and adjacent Buildings on Fire. 

There is no Body, how apparently ſoever deſtitute of 
Fire (as Marbles and Metals are) but what grows hot by 
violent Motions, not only by the Agitation cauſed in the 
Fire that is therein, but alſo by the Communication of the 
Fire, which is heighten'd in the agitated Air, and in 
the ambient Bodies. Claſhings and Shocks are not the 
Fire, but ſerve to let it looſe, by agitating or ä 8 

u Es 
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Bubbles of Air, and the little Cells which contain it. All 
Bodies may be equally agitated or preſs'd ; but all a e not 
therefore equally combuſtible. They are the mere apt to 
take Fire, as they contain a greater Quantity of that Mat- 
ter, and as that Fire, whoſe Force conſiſts in its Velocity, 
acquires a greater Motion by its Agitation, 

The Fire is then under our Feet, and all around us, 
always ready to ſerve our Purpoſes ; we loſe it in propor- 
tion as we get above the Plains, where God has fix'd our 
Dwelling ; and it is a very pleaſing Conſideration for us 
to ſee, that in finding out the true Place of this ſo bene- 
fcial and ſo comfortable a Fire, we at the ſame time find 
out ſo evident and ſo well diſtinguiſh'd an Intention in 
God, of placing it within our Reach, and of keeping it 
always in a Readineſs to anſwer all our Deſires. 

Theſe Proofs ſeem ſufficient to make me renounce the 
Prejudice, which confounds our common Fire with Light: 
And though I conceive not the Nature of either of them; 
I ſhall ſufficiently diſtinguiſh between them, if I am but 
ſenſible of the Difference of the Place they take up, and 
of the Functions they are appointed to diſcharge, 

Fire and Light then dwell around us, fince in the Night, 
as well as in the Pay- time, and without the Help of the 
Sun, we make uſe of them, and always find them at necd. 
But the Place of the Fire, which we uſe, extends not to 
a greater Diſtance from us: I he Place of the Light, on the 
contrary, extends to the very Stars, The Activity of the 
Fire ſpreads but a little Way, and it ſenſible ceaſes to act, 
when it is ever fo little ſcarter'd : The Activity of the 
Light, on the contrary, extends to an almoſt infinite Di- 
farce. Theſe two Elements, when in Repoſe, and net 
externally influenced, keep between themſelves a ſort of 
Equilibrium: They touch without claſhing againſt each 
Other; they are under our Hands, and before our Eyes, 
without being either felt or ſeen. But one of them cannot 
be ſtrongly agitated, without cauſing an Agitation to the 
other ; and their reciprocal Power increaſes in proportion 
to their Quantity, and the Strength of the Impreſſion re- 
ceived. The Narrowneſs of the Compaſs, within which 
Fire is accelerated, ſtill contributes to increaſe its Fury. 
The Fire in a German Stove cauſes no Conflagration in 
adjacent Bodies, nor any Emotion in the Light, as it is diſ- 

684 perſed 
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perſed at Liberty and in a true Equilibrio. Whereas that 
tmall Parcel of Fire we call a Spark, is ſo violently agi 
tated between the Part of the Flint where it is ſtruck, aud 
the Pieces of Steel which fetches it out, that it melts the 
Metal, and ſhakes the Body of Light, ſo as to'make it ap- 
pear at a hundred Paces round it. We find theſe melted 
Particles of Steel, in the Paper over which we have ſtruck 
a Light: The Microſcope, which ſhews us their bright 
and unravell'd Figure, is a Froof of their having been in 
a State of Fuſion. 


When therefore Fire and Light are in Equilibrio, their 


Quietneſs inſures our Safety and Repole. The Disorder 


of the one can no ſooner be communicated to the other, 
but they both acquire a Force defign'd to procure us ſome 
Advantage, or to warn us of ſome Danger. Ihe increaſed 
Light keeps the Fire from being inactive. Thence the 
Motion and Fertility of Nature. The minuteſt Particle 
of Fire violently forced out of a Flint, receiving from that 
Shock a Force ſufficient to melt the Particle of Steel which 
ſtrikes it out, has alſo a Force ſufficient to agitate firong!y 
the Light, which immediately communicates its Agitation 
to us: Whence the perpetual Warnings we receive from it. 
When the Fire is but little, it is only a gentle Glimple : 
But its Splendor becomes terrible, when there is any great 
Danger. It ſeaſonably reveals all the Operations of that 
dreadful Element: It declares it afar off, and long before 
its Arrival. It gives us notice of the Havock it may 
make ; and becauſe Fire has a Fury capable of cauſing a 
general Deſtruction, it is, that Light was placed near it, 
as a watchful Centinel, which prevents by a ſalutary A- 
larm the Diſaſters it would bring upon Men. It is true, 
the Lightning does not in time warn the Man that is 
thunderſtruck; but it, at leaſt, warns others to acknow- 
ledge the Hand of him who both ftrikes and ſpares. 

How much ſoever we may be beholden to the Light for 
the faithful Advices it gives us: yet let us not look upon 
Fire as an Enemy. It is, on the contrary, an eſtimable 
Gift. It never is offenſive in Man's Hands, but when ill- 
managed; and in God's never hurts, but according to the 
wiſe Purpoſes of his Providence. 

The Ules of Fire are too common not to be known. 


But is it not enough to know them in a looſe and confuſed 


Manner 
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Manner. Let us trace Fire in the Particularity of its 
Operations. We ſhall be amazed to ſee the Variety of 
Forms it puts on to ſerve us, and the Aſſociations it ſucceſ- 
fively makes to fulfil our Wants, very often without 
ſhewing itſelf. 

The Action of Fire is ſometimes help'd and accelerated, 
ſometimes reſtrain'd and bridled by the Air, the Water, 
the Oil, and the Salt. 

Of all the Elements the Air 1s what Fire can leaſt do 
without, The Air, tis true, does not give Fire its Being 
and Birth; but it helps its Action, and makes it appear 
where it ſubſiſted unſeen. Fire enters into the Compoſi- 
tion of all terreſtrial Bodies: It can go through ſeveral of 
their Pores, and having enter'd them, may be tranſported. 
with them from one Place to another. But its not appear- 
ing in the Bodies it heats, or the Air wherein it dwells, 
proceeds from its being there diſperſed in a fort of Equi- 
librio, and in a Quantity which makes it not ſufficiently 
active to be taken notice of, It neither ſhines nor is per- 
ceived therein, becauſe the. Light is commiſſion'd to ſhew 
it us, only when it rages and is dangerous. 

It becomes ſo, eitner by the Increaſe of its Quantity, 
or Velocity. It no ſooner is gather'd or quicken'd any 
where ſo as to dilate the ambient Air, but that Air con- 
tributes tothe keeping it in. Furſt, Becaule it confnes that 
Ire in one Place, and hinders it from getting looſe ſo 
ſoon as it would without Air. We therefore {ee the Flame 
of a Wax · candle diſtinguiſhing in the Recipient of the Air- 
pump, in proportion as they exhauſt; and diſappearing and 
diſperſing itſelf very eaſily, on the Removal of the Air. 
Secondly, The Air nouriſhes the Fire or the Flame; be- 
cauſe being itſelf full of Particles of Oil, which are like ſo 
many Cells full of fiery Matter, it tzus iapplies the Fire 
With a Multitude of minute Rivalets of the fame Element, 
which are drawn towards the Flace where the Fire is col- 
lected and ſtrongly agitated; much in the ſame Manner a3 
tie Water of a River, or a Reſervoir, moves from all Sides 
towards the Place where its Equilibrium is diſturb'd. All 
i.ows ſueceſſively towards the Hole of the Flood gate or 
0! tne Pump; and ſa much Water as. goes out at a fingle 
Face, fo much is again ſupplied from a Thoutand. The 
Fire lighted, that is, collected in a certain Place, there 
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remains; becauſe ſo much Oil as it has diſſipated, by ſcat. 
tering or waſting it on every Side, and eſpecially above, 
ſo much new Oll does the circulating Air replace below. 
Therefore a Circulation of Air is really a Circulation of 
Fire, For this Reaſon it is, that you ſee the Flame of a 
Wax-candle always inclining towards the Fire on the 
Hearth, when it is any thing briſk, *: Wherefore, if you 
hold a lighted Wax-candle in a large Tube, wherein the 
Air freely circulates, it will continue burning there: Fut 
if you put it in a Tube which it exactly fills, the Fire which 
gets looſe at Top will puſh away the Air. This, in the 
Reflux, will ſtrike againſt the Sides and lower Part of the 
Tube, where finding the Paſſages ſhut, it will no longer 
ſupply the Flame with Fewel ; and this ſhall immediately 
go out, For the ſame Reaſon People, who work in the 
Mines, are very careful to place at the Entrance or Mouth 
very large Sails, which the Wind may be able to move, 
and which, by their Agitation, always drive freſh Air into 
the Bottom of the Mines. 'Their Lamps would go out, 
for want of that Aſſiſtance; becauſe the Fire quicken'd 
{ſpreads preſently, and would ſoon be diſperſed, were it 
not replaced by ſome other, which is quicken'd in its Turn 
by touching the Maſs of the Flame. Without this Re- 
newal of Air, the Workmen would not only loſe thcir 
Lights, but even their Lives, which conſiſt in a Fire which 
t'ie Air kindles, and which would let the Blood coagulate, 
were it not preſerved therein by a continual Supply of 
freſh Air. 

The Neceſſity of the Circulation of Air, for the main- 
taining of Fire, is very obvious where-ever Fire is lighted; 
but chiefly when the Fat of Soot happens to take Fire in 
the Funnel of a Chimney, and threatens the whole Neigh- 
bourhood with a Conflagration. If then the Opening of 
tie Chimney be not exceſſively large, as they were made 
formerly, you may be ſure to ſtop the Fire almoſt iyſtan- 
taneouſly, by ſtopping that Oriſice with a Heap of Dung, 
or even by immediately ſpreading a wet Sheet before it, 
which by the Plenitude of its Pores ſhall bar the Paſſage 
of the Air ready to go up the Hollow. They pretend, 
but I would not warrant it, that the firing of a Gun up a 
Chimney on fire, ſcatters the Air ſo violently below, that 


and 
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and puſh'd away can return. - You give the Fire, which 
breaks out in a Cellar, the Means of quitting the com- 
buſtible Matters it devours, and of ſcattering along and 
through the Walls, by barring up the Entrance of the ex- 
ternal Air into the Vents, with a good Quantity of Straw. 
They very often have put a ſudden Stop to a Fire which 
had ſeized on a whole Room, by bringing in a Barrel of 
Water, in the Center of which was ſuſpended a Box full of 
Gun-powder ; the Fire of the Match dipt in Brimſtone, 
which they convey to the Powder through the Water, by 
means of a long Tin-pipe, no ſooner touches it, but the 
inflamed Powder violently drives both the Water and the 
ambient Air. The Air, thus driven away and preſs'd, is 
not reſtored, nor does it return to its Place, till the Fire is 
diſperſed and out, for want of ſomething to contain it. Nay, 
the Water perhaps, in that Caſe, abſorbs a Part of it, 
which deprives the reſt of all Power. 

We are amazed on ſeeing a violent Fire, which con- 
ſumes whatever it meets with, and Hail- ſtones hard enough 
to remain unthaw'd for ſeveral Days together, ruſhing out 
of the ſame Cloud. So ſoon as the Fire of the Oil and the 
Sulphur which is exhaled into the Air, begin to fire theſe 
Matters by its Acceleration between Clouds which are 
puſt;'d by contrary Winds, that Fire dilates the Air, and 
ſcatters it afar off, with a moſt dreadful Fulmination. All 
the Space abandon'd by the Air remains likewiſe void of 
Fire; becauſe Fire is never confined but by the Air. The 
Drops, which that Moment croſs the Space void of Fire, 
loſe all their own: They are frozen in an Inſtant, and 
follow the Thunder-clap very cloſe. 

Air maintains the Fire, not only by preſſing it enough 
to detain it a little in the fame Place, or by perpetually 
ſupplying it by Circulation with a Courſe of ſubſidiary 
Fire, but alſo in accelerating the ſame Fire, by perpetual 
Shocks. For as the Air cannot feel the Acceleration cf 
any Particle of Fire, without dilating ; it is immediately 
repell'd by the ambient Air. Theſe Shocks multiplied in 
proportion to the Quantity of Air, claſh againſt the Fire, 
which thereby acquires a great Increate of Velocity, 
wherein the Force of that Element conſiſts. For this Rea- 
fon it is, that the ſame Air is not very long ft for the 
Support of Fire. For when it is dilated, it has ny longer 
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the ſame Activity, as when it was confined : Whence 


it happens, that a burning Fire- brand is ſooner put out in 


the great Light of the Sun, than in the Air of the Night, 
which is more fit to confine the Fire. For this Reaſon it 
is, that cold Air makes the Fire fo very briſk. It like- 
ly contains leſs Fire than in the Summer-time, but it un- 
bends itſelf much more violently againſt the Fire it meets 
with, and increaſes the Activity of it. 

It is in order to procure this freſh Air, that we keep 
the Funnels of our Chimneys broad enough to contain on 
one Side the Column of Smoke which th ire cauſes to 
aicend, and on the other a Column of Air which deſcends. 
It is in order to be {till ſurer of the Return of the external 
Air, that we ſometimes lay into the Wall next to the 
Chimney a Pipe of Tin or of Iron-plate, that may by one 
End admit the external Air, ard by the other convey it 
into the Hearth, where it animates the Fire, and aſſiſts the 
Diſſipation of the Smoke. In conſequence of the Want 
of Air, we blow and agitate the Fire we have a mind to 
kindle. Ent that Agitation ought to be proportion'd to 
the Quantity of Fire which was gather'd at firfl. If it is 
but ſmall, an exceſſive Aggitation might extinguiſh inſtead 
of increaſirg it. The Blaſt, which animates the Fire on 
the Hearth, would preſently put out the Flame of a Wax- 
candle. But how can the ſame Fan equally cool us, and 
light our Fire? The Fan does no more than this, v. 
preſs the Air by driving it away, and makes the Fire flow 
out of it. For as the Inſinuation of the Fire into the Air 
dilates the latter, ſo likewiſe does the contracted Air caule 
a Part of the Fire, which is contains, to fly of, That 

Air therefore cannot be preſs'd upon us, without becoming 
ſomewhat cold, and without ſeeming to us charged with a 
leſs Quantity of Fire than before. But when the con- 
trated Air, inſtead of affecting our Senſes, immediately 
claſhes with the Fire itſelf, which is gather'd in any Place, 
it increaſes the Motion of it. Now the Meature of the 
Velocity of Fire is the Meaſure of its Strength. Whence 
it happens, that a Conflagration, which might have been 
ſtopp'd, had the Air been at reſt, in a Moment becomes 
ſuperior to all Efforts, if it be but aſſiſted by a high Wind. 
The Velocity it then acquires becomes of fatal Conſe— 
quence. The Buildings which ſtop it, by conf ning its 
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Activity, and ſupplying it with new Fewel, increaſe its 


Fury. Far from leaving the SpeQators the Liberty of 


affording Help, it ſcarce gives them leave to eſcape. A 
Sheet of Fire, driven off by a ſudden Guſt of Wind, very 
often ſurpriſes, at great Diſtances, thoſe whoſe Fears their 
Remoteneſs had baniſh'd, 

You will not infer from hence, that the Wind ſhould 
always ſet the Air on fire. It, on the contrary, makes it 
always more or leſs cold, becauſe the Fire is no where col - 
lected in it, but equaly diſperſed, in a ſort of Equilibrium. 
The Wind does not blow towards any particular Point, 
but at large; and if a greater or leſs Quantity of Fire is 
gather'd between two contrary Winds, it is a little or a 
great Flaſh of Lightening, ſometimes a Flood, of Fire, or 
Clap of Thunder. , You are alſo to remark, that there is 
no Wind but what cuts, and more or leſs retards the rapid 
Fall of the Light, and renders the Impreſſion of it leſs 
powerful on the Body of Fire deſperſed in the Air. All 

Vinds in preſſing the Air towards us contract it, and 
make it ſeem colder to us. The northerly Winds, which 
blow from on high upon our Climate, preſs the Air down 
towards the Earth. The uppermoſt Strata preſs upon the 
lowermoſt, and make the Fire come out of them, juſt as 
the Water comes out of a ſqueezed Spunge. That Fire 
aſcends higher, and ſo the Air having leſs Fire neceſſary 
contracts the Earth, and makes us feel a moſt ſevere Cold, 
when, being but ligi:tly cloathed, we let that Fire vaniſh 
which our Blood ſtood in need of. The Southern and 
Weſterly Winds, as they croſs over very ſpacious Seas be- 
fore they arrive on our Coaſts, there drive before them, 
and every where diſperſe inconceivable Collections of wa- 
tery Partieles, which blunt and partly abſorb the Action 
both of the Light and Fire. The Winds that blow from 
the Land, or which do not reach us before they have 
eroſs'd over ſpacious Regions, are drier, and temper the 
ſultry Heats of the Summer, in proportion as their Blaſts 
prets the Air by their Strength; or they render the Heats 
ſifting and intolerable, when, inſtead of breaking and 
blunting the Action of the Light, they, by their Repoſe, 
leave it the Liberty of darting on us all the Fire with 
Which we are ſurrounded. | 

Fire, 
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Fire, which, in Conjunction with the Air, varies on 
Seaſons, and ſo powerfully influences either the Fruitfut- 
neſs of the Earth, or the Health of Men, ftill produces, 
and by means of Water, Effects full as important, though 
more conceal'd. Water is beholden to Fire for the Prin- 
ciple of its Action; ſince it owes its F luidity to it, which it 
always loſes onthe vaniſhing of Fire. It is very probable, 


that Air is concerned in it, and together with Fire, con- | 


tributes to render Water fluid: For you no ſooner put 
Water into the Air-pump, and exhauſt the Air, but that 
Which is in the Water, being freed from the Preſſure of 
the external Air, gets looſe, and raiſes the Water, by di- 
lating it into ſmall Bubbles; and if that Water is heated, 
the Air driven out of the Maſs of Water by the Fire, 
makes the Water boil, as if it was on a violent Fire. Af. 
ter that boiling, the Air which remains in the Interſtices 
i of the Water, will be quiet, and withoat 
— 8 any apparent Elaſticity, becauſe a Quan- 

8 tity of Water is eight hundred and fifty 
times as maſly, and conſequently as heavy, as a like Por- 
tion of Air. 

Water can by no means be compreſs'd like the Air, ſo 
far as to take up a leſs Space than it ordinarily does. If 
you fill a Pewter-ball with Water, and beat it with great 
and repeated Blows, it will ſooner burſt than flatten and 
contract the Water, by the Diminution of its Bulk, But 
then again Water, though it cannot be comprels'd, may 
be greatly dilated. It may, by means of Fire, Which 
more or leſs inſinuates itſelf into it, acquire an Expan- 
ſion, and of courſe an Elaſticity in a manner infinite, 
That it has in itſelf no Spring, I ſhall readily grant: But 
it receives from Fire, which whirls in its Pores, a per- 
petual Tendency to dilate. That Elaſticity or Expanſion 
of Water manifeſts itſelf, the Inſtant it is in the Air-pump, 
and freed from the Air that preſs'd it. 

Water not only bubbles up in the Vacunm, and on Fire, 
but there are alſo thouſands of Particles of Water and of 
Air, which perpetually fly off from the heated Water, 
and grow round like Foot-balls. You know what they 
become in a more contracted and denſer Air than they 


themſelves are. We have formerly diſcourſed at large 
the 
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the admirable Effects of their Evaporation, and of their 
being poiſed above: What we are here to remark, is that 
Fire is the Mover and Cauſe of both theſe. It is that 
Agent which God employs uniformly to ſet at work that 
Pump which raiſes the Water, and univerſally diſtributes 
it on the Outſide of the Earth, there to nouriſh the Ani- 
mais and Plants, and from thence in the Bowels of the 
Earth to convey into it the Salts, Oils, Sands, Mud, and 
metallic Particles, the various and continually renew'd 
Aſſemblages of which are the Riches, and Support of 
Mankind. | 

Water and Air, if left by themſelves, would be as it 
were inactive and void of Force: But being join'd with 
Fire, they acquire Powers capable of ſhaking and over- 
throwing every Thing. 

The Globules of Smoke, which Fire brings off from the 
Wood, and which are nothing but Air, Water, and rarified 
Oils; when they meet in the Chimney with the Laminæ 
of a Wheel made of Iron-plates, and horizontally placed 
on a Pivot; theſe Globules, I ſay; if conſtantly puſh'd 
by the Flame which is kept beneath, have Strength enough 
to ſhake and puſh out of their Way the Laminz of Iron- 
plate that bar their Paſſage. The Smoke which the 
Flame drives forward, friking with redonubled Blows 
againſt all the Laminz which are inclined the ſame Way, 
there reſults from all theſe little and uniform Impulſes a 
powerful Motion, which ſets the Wheel a going. The 
Axis then which paſſes through the Wheel, and takes in 
a Pinion of fix Teeth, turns another Wheel of thirty-ſix 
Teeth. This ſecond Wheel, together with the Spit, 
which is made ſubje& to all its Motions by means of a 
Line, can make but one Revolution, while the Smoke- 
wheel is performing fix. . The Machine, without any 
cther Help than that of the Smoke puſh'd by the Flame, 
thus goes on turning very large Pieces of Meat; and roaſts 
them very regularly, without confining the Servants on 
that account to any troubleſome Care. The going out 
of the Fire ſtops all: But when the Fire is out, the 
Meat on the Spit is in no great danger of being burnt. . 

The Impulſe of that light Smoke, which borrows all 
its Force from the Shocks given by the Fire, help us to 
gueſs what Jerks and Shakings very little Vapours may 

produce, 
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produce, when they are accumulated in the Mines or in 
the Air, and when the Vire, getting looſe within them, 
puſhes them with Rapidity againſt whatever is about them, 

But if Fire, always ready to be diſperſed, and of too 
fine a Nature to act violently of itſelf, yet flrikes ſuch 
violent Blows, when it drives away and removes the Bo. 
dy of Air and that of Water, both much denſer than it; 
own; its Action ſtill becomes inſinitely more formidable, 
when it joins the Force and Strokes of Salt to the Spring 
of the Air and the Water. The inflexible Particles of that 
Element are like ſo many Hammers, Wedges, and Le- 
vers, which it ſets at work. A very narrow Compaſs 
may contain thouſands of millions of Particles of Fire, 
of Air, of Water, and of Saltpetre. All theſe Principles 
are found in Gun-powder : Nor is Water excepted, fince 
in the Diſſolution of it we find them there, The Par- 
ticles of Fire and Air, which ſtrive alſo to fill each of 
them five or ſix thouſand times more Room than before, 
and which are at reſt ſo long as they are ſeparately im- 
prone no ſooner feel the Impreſſion of an external Fire, 

ut they act all in concert; and by the Union and Con- 
currence of their Springs, by the immenſe Acceleration 
of their Velocities center'd in a very narrow Space, and 
finally, by the Multitude of little Surfaces of Water and 
Salts which they dart, make an inconceivable Sum not 
to be reckon'd up, but of which we may judge by the 
throwing of a Bomb, or firing of a Bullet, which, in a 
few Seconds, is flung to the Diſtance of many hundred 
Fathom, 

The Power of Fire join'd to the Air 
and the Water, when theſe Elements are 
confin'd by a great Quantity of Salts, and 
animated by the Introduction of a new Fire, appears ſtill 
much more in the Pulvis fulminans. Pound three Parts 
of Saltpetre, as for Initance, three Ounces; two Oun- 
ces of Sulphur ſeparately pounded, and as much of Tar- 
tar, which is that Salt which ſticks to the Sides of the 
Veſſels in which Wine has been kept. Blend theſe three 
Powders together; and having put this Compoſition in an 
iron Spoon on the burning Coals, retire. The whole gra- 
dually melts in the Spoon: But the Fire of the Sulphur, 
and the new Fire, which join'd to it, being ſtop'd _ 

CONN 
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conf ned within by the acid Salt of the Vitriol in the 
Sulphur, and by the little Waddings of the Saltpetre and 
the Tartar, are, by the conſtant Acceſſion of a new Fire, 
accelerated together with the Air and the Water of the 
Interſtices, to ſuch a Degree of Violence, that they at 
!:{: break through the Arch of the Salts, and the Air, 
ir:ck by it, reſounds like the Noiſe of a Cannon. 

But without exactly knowing how Fire communicates 
its Force to the other Elements; and from the bare 
Knowledge of the Effects reſulting from ſuch or ſuch 
\ixtures ; Men, by the Aſſiſtance of Fire, are able to 
oil, bake, roaſt, and dreſs their Victuals, and to facili- 
tate the Converſion of them into their proper Subſtance; 
e vive their Cloaths what Colour they pleaſe ; to puri- 
Metals by melting; to make moſt magnificent Glaſ- 
{.: out of a little Sand by Vitrification : to draw from 
nn Stones the Cement of Buildings, and a Principle 
of Hentility from the moſt barren Lands by Calcination : 
to reunite with a fat Salt“ the ſmalleſt metallic Particles, 
v1:ic} their Separation hinder'd from being known again: 
to harden Copper, and make it yellow, by a Mixture 
of ſome certain Sands +; to render Metals duQile, ſoft, 
and malleable by the Subtleneſs of the Oils mixt with 
them; to neal white Clay, of which, together with a lit- 
tle Sand, they make Utenfils, which are moſt neceſſary 
to Mankind: —— But in vain ſhould we here enter up- 
on a more particular Enumeration of what we are able 
to ſoften, harden, divide, collect, faſten, glaze, and dye, 
by the Aſſiſtance of Fire. Fire is, as it were, the In- 
lrument of all Arts, and ſupplies all our Wants. 

t was in order to enable Men always to have at hand, 
and prudently to enploy this ſo very precious Subſtance, 
at God was not fatisfied with placing it only in Air 
inc Water, but has alſo, and in a ſpecial Manner, in- 
died it in Fat and Oils. I know not what Oil is: But 
we all can ſee, that it is the convenient Magazine, which 
contains that ſo very dreadful and volatile Element. With 
Alliſtance, we confine the Fire in ſpite of its Fury: 
'e carty it where-ever we pleaſe; We at our Will re- 
Salate the Quantity and Meaſure of it; and however un- 
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governable it may ſeem, yet it is always dependent on 
us. Beſides, God, by ſubmitting Fire, has likewiſe ub. 
mitted Light itſelf to us. Such are the magnificent |re. 
ſents, with which he favour'd us, in placing oily Wat— 
ters within our Reach. But Man, inſtead of diſccrn:; 
the Intentions of his Benefactor therein, very often ad- 
mires only his own Dexterity, in the Uſe he known 
to make of them. 

Here you have an Opportunity to aſk me, what - -- 
be the inexhauſtible Source, whence we receive again n 
Oils, which to us ſeem annihilated by Waſte ? God, 
gether with Water, and Salt, has, from the Begin , 
pour'd into the Hollow of the Sea a Meaſure of Oil, 9: 
Bitumen, which he has proportion'd to the Wants of e 
whole Globe. Fire and Air inceſſantly raiſe from ther: 
a certain Quantity of Water, of light Salts, and mite 

ilaments of Oil. Thence the Rains, Fountains, River, 
Vegetations, Nutritions, Savours, Odours, and all the Fro 
perties of Flowers, Fruits, Barks, Roots, and Woods. This 
Oil, unperceived in Rain-water, again collects in Plan 
its attenuated Particles. It acquires quite different Fo 
and Qualities, from its Union with the Water, the Eh, 
the ſeveral Salts, and the Principle of all Kinds. H. 
Inſtance, when incloſed and wonderfully diverſified in t. 
Duſts or Farinz of Flowers, it conveys into the Sceds, 
as into ſo many Eggs, a primitive Fire, which begins 
there to put in Motion the Organs, and the nice and de- 
licate Nouriſhment it there finds already prepared. The 
Moiſture of the Waterings will continue to ſupply the 
Plants with Air, and Oil, and all the other neceſſary Princi- 
ples ; Since a young Tree planted in the Earth, out of 
which the Fat has been carefully extracted by a Lixi- 
vium or Lye, and which was afterwards dried in an Oven, 
will grow and bear Flowers, Leaves, and Fruits, have 
Sapours and combuſtible Particles, without diminiſhing 
the Earth it was put in at firſt, one Ounce ; though it has 
received nothing, but what it drew from the Air, and the 
Humidity of the Waterings. This is a ſmall Inf ce 
of the Art, wherein God has incloſed Fire in the 01- 
ly Juices, as in ſo many Boxes or light Spunges, Which. 
the Winds tranſport, and the Water contains, in order tg 
diſtribute every-where thoſe things, to which we ow* al! 
| our 
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dur ools, Victuals, and Drink. Theſe Oils, exhauſted 
and flatted, are impregnated in the Air with a new 
Fire, and with the Rivers return to the Sea, which col- 
lets them, ſupports a Part of them on its Surface, and 
expoſes them to the Action of the Air, to be raiſed 
anew by a perpetual Circulation; ſo that if we have 
Reaſons to admire the Profuſion, with which God has 
{urniſh'd our Reſervoirs, we have no leſs Motives of ad- 
miring that Oeconomy, which always employs the ſame 
Elements over-again, and makes them ſerve to ſupply the 
Wants of all Ages. 

The Fire, which comes out of the Oils to make Plants 
vegetate, is ſtill more precious to us, on account of its 
being the very Life of our Bodies. Scripture points out 
to us, that the Life of the Animal is in the Blood. That 
Blood is no ſooner deſtitute of Heat, but it loſes its 
Fluidity and Life. The maintaining of the Fire and of 
the Motion of our Blood, in a Quantity and Degree, 
of which God alone knows the juſt Meaſure, makes 
the Duration of the animal Life; and it 1s in order to 
ſupply that Blood with Heat always new, and with the 
Principle of a perpetual Motion, that we inceſſantly breathe 
a new Air, om which Fire is inſeparable. On the 
contrary, the Air we expice from our Lungs, comes from 
them blunt, unelaſtic, and charged with the needleſs Hu- 
mours it carries off from them. It is very eaſy to con- 
ceive, why Men are loſt in the Mines for want of freſh 
Air, and why we impair our Health, by living, or ſleep- 
ing, in Places too narrow and too cloſely ſhut. The 
Children of the poor Peaſants are fat and luſty, by on- 
ly feeding on very brown Bread, and a few Milk Meats ; 
while moſt of the Children of the Wealthy, notwithſtand- 
ing the niceſt Diet, and in ſpite of Cares and Remedies, 
are tender, pale, and of a Conſtitution which gives their 
Parents frequent Alarms. 'The Reaſon of this Difference 
15 very plain. The firſt always live in the open Air: 
and it is diſpenſed to the latter but ſparingly, and as if 
it were noxious. Inſtead of breathing that free and 
briſk Air, and full of Spring, in which God has put a 
juit Meaſure of Fire, and of the Principles ſuited to 
the Neceflities of our Blood; the Children of the Rich, 
always ſhut up and kept in the Shade, breathe only Fr 
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Air that is uniform, without Spring, inſipid, and very 
often foul, in a narrow Alcove, by the perpetual Dil. 
charges of the Breath and Perfpiration. What can be 
the Purport of thoſe Shutters ſo well cloſed, and of 
thoſe Curtains ſo exactly drawn . acroſs each other! 
Sure the Parents aim at neither poiſoning or ſtifling theſe 
Children they are ſo fond of ; but yet that is often the 
End of it. 

When we conlider the Uſes of Air, one might be 
apt to think that Air is the Principle of our Life. We 
ſay the fame of Water, Oil, and Salt. When afterwards 
we come to the Confideration of Fire, we are apt to 
look upon it with Preference to the other Elements, as 
their Mover, and as the true Source of Exiſtence. But 
none of them ſingly and in themſelves have any Virtue 
or Uſe: They have no Power one without another. One 
animates and enlivens them all: The other moderates 
and tempers them all: Take but away one ſingle Part 
of the Machine, and the whole will immediately be out 
of Order, and the Univerſe become of no Uſe to us. 
All remains dull and void of Action without Fire: Even 
Fire itſelf has but a blind Impetuoſity, if it be not go- 
vern'd. All theſe Pieces have then no Beauty, or any 
Force -or Goodneſs, but what they receive from that 
Intelligence which makes them fall in one with another, 
like the Wheels and Pinions of a Watch; and which 
_paaa them regularly play under the Direct on of her 

aws. 

But how pleaſing a Reflection is it to ſee, that Cod 
has been thus willing to engage the Affections of Man 
by conſtructing, for his ſake, theſe magnificent Springs, 
and by permitting him to ſet them to work, when and 
in what manner he thinks agreeable to his Wants! What- 
ever is on Earth is placed within our Reach; and that 
Man might enjoy therein a real Sovereignty, God has 
granted him Leave, at his Will to diſpoſe of the molt 
active of Elements. By means of Fire, he is Maiter of 
them all. Fire, to which every Thing muſt yield, ſub- 
mits every Thing to Man. For him it diſſolves Stones, 
liquifies Metals, and makes Iron pliant to all his De- 
ſigns : Man, in ſhort, has the Thunderbolt in his Hands, 
without being an Uſurper ; ſince he with Fire does what- 

ever 


— 
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ever he pleaſes, whether he be willing to gather or de- 
ſtroy, to mantain his invaded Rights, or only to pro- 
cure himſelf an Excerciſe of Skill or Amuſement. He 
throws down Ramparts, and breaks iron Gates. Ani. 
mals fall under our Stroke at great Diſtances, Very 
often the whole Firmament ſparkles with Fires prepar. | 
ed by our Hands. The whole Atmoſphere is ſhaken : | 
All Nature celebrates our Feaſts, and ſhares in our Re. 
joicings. 
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HE Review of the Services of Heat raturally leads 

us to the Examination of Heat ite... In what then 

does it confiſt ? All we know of it is, that it is a Senſation 
more or leis lively, more or leſs pleaſing or painful, by 
which God affects us when Fire is preſent. But, what 
can Fire be in itſelf, and how does it act? If the Ground 
and firſt Principles of Beings ſhun our Sight; who will 
undertake to dive into the Nature of Fire? It gets looſe, 
and prevades the Inſtruments with which we bo. eee 
lay hold of it, and neither the Eye nor Hand can. bear its 
Approach. Let us go about this Inquiry with Caution. 
Let us behold it at a reaſonable Diſtance, and be con- 
tented with the little we can know of it with Certainty. 
We ſhall afterwards paſs on to what is but conjectural; 
that the very Uncertainty of theſe our Suſpicions may con- 
vinc2 more and more, that God has ſpread the darkeſt 
Clouds over his Works, though he has made us wat 
clear- 
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clear-fighted with regard to his Favours ; and that true 
Philoſophy does not ſo much conſiſt in profound Learn- 
ing, as in a lively Gratitude, What ſeems to me certain 
concerning Fire, may be reduced to three or four different 
Heads. 1. Fire does not conſiſt, as modern Philoſophers 
commonly pretend, in a ſwift Motion of all kinds of Mat- 
ter: But it is a real Body; it is an Element very different 
from all othe: Elements. 2. It is a Fluid. 3. It is a 
Fluid prodigiouſly elaſtic, and whoſe Spring may be infi- 
nitely augmented. 4. It is a Body. which can neither be 
produced nor deſtroy'd by any natural Cauſe. 

As theſe Propoſitions are of great concern ; inſtead of 
endeavouring to anſwer them by abſtruſe Arguments, 
which always leave a very great Uncertainty behind them, 
we ſhall proceed here no otherwiſe than 
according to Experience. Fire is a real Fire is a real 
Body, quite different from other Bodies. Jy 
We already have ſeen it every where diſtributed from one 
End of the Earth to the other, but more abundant in one 
Place, leſs active in an other, and manifeſting its Preſence 
ſometimes in proportion to its Quantity, ſometimes in 
proportion to its Acceleration. All ſuch Bodies as may 
be equally agitated, ought to be equally. combuſtible, 
were a great Motion and Fire but one and the ſame 
Thing. We nevertheleſs experience the contrary. The 
ſame Agitation of the Mill-ſtone, which grinds Corn 
without producing the leaſt Sparkle, affords an immenſe 


Quantity of them, and will even ſet the Mill on fire, 


when the upper Stone rubbing immediately upon the other, 
the inflexible Surfaces cruſh the Air intercepted between 
them, and having no Retreat, it accelerates the Fire re- 
ſiding in this Air, ſo far as to ſet every Thing adjacent on 
Fire, Blackſmiths, Fullers, and many other Workmen 
know, that the Axis of their Engines, and the Wood that 
ſupports it, may be heated very ſoon ; and to hinder it 
from taking Fire, they inceſſantly cool that Axis with a 
Stream of Water let fall thereon. This Water does not 
in the leaſt hinder the Swiftneſs of the Motion, and yet 
prevents the Fire. 

A rapid Motion is then ſomething different from the 
Fire: It helps it: It accelerates it: But the Water, at the 
Time that it lets the Swiftneſs of the Motion ſubſiſt intire, 
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ters, one of which being dipt into the Liqour, by ſinking, 


. ofier'd at Top, and at the riſing of the Exhalation, mounts, 
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envelopes and abſorbs the Fire diſperſed in the Wood and 
the Air, which prevents the Inflammation of each other 
Matters. The continual freſh Air you drive ſwiftly over 
hot Liquor, cools it only becauſe it contains leſs Fire than 
that Liquid, and robs it of a Part of its own. Firei; 
then a real Body, and not all kinds of Matter agitated, 
Motion is ſo very different from Fire, 
that ſome ſalt Vapours, mix'd together 
and agitated, loſe a Part of the Fire which 
they contain'd, or become palpably colder. We may 
convince ourſelves of this with a couple of Thermome. 


Cold Fermenta- 
tions. 


ſhews, that the Fire gets looſe from it, whilſt the other 


and by its Dilatation ſhews the Fire which inſinuates into 
its Pores, and which the Motion of the Liquors has il. 
pet's. _. | 

On the contrary, you. will find other Matters, wherein 
Fire lodges in ſo great a Quantity (though every one of 
its Particles be impriſon'd there) that the leaſt Motion is 
ſufficient to break the Chains of many, and ſet them at 
Liberty. | 

For Inſtance, the Boulogne-ſtone, and 
ſome other Marcaſites, filed, cover'd over 
with their own Duſt, and then put into the 
Fire among Coals well kindled, retain in their Pores ſo 
great a Quantity of Particles of Fire, that if the Marcalite 
feels no other Impreſſion than that of the Day. light, when 
it is taken out of the Cotton wherein it was kept, yet it 
ſeems ſparkling. Thatlittle internal Motion, which Light 
communicates therein to the firſt Particles of Fire it meets 
with, awakes them from their Lethargy, or rather com- 
municates to them an Acceleration that gives that Stone 
all the Brightneſs of a burning Coal. 

All Phoſphorus's, I mean thoſe Bodies 
which become luminous, being fill'd with 
the Matter of Fire in which they have been 
put at ſeveral Times, are a Proof of this. Different Fleſh, 
Blocd, Hair, Shells, Horns, Meal, and an infinite Num- 
ber of other Matters proceeding from Plants and Animals, 
put more particularly Urines, are fit to make Phoſphorus. 
We eaſily penetrate them with a Fire ſometimes very Nin, 
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The Boulogne · 


Stone. 
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and ſometimes ſo very weak, that it cauſes no ſenſible 
Heat at all, and very likely is detain'd by the Salt which 
ſarrounds it. The Spirit of Nitre, and Chalk, are able 
to produce a very fine Phoſphorus*. A little Allum and 
clariſied Honey are ſufficient to yield one of the moſt con- 
venient : For, without offending the Smell in the Opera- 
tion, it may afterwards be preſerved five or fix Months 
together in a Phial well cork'd ; and a Grain of it thrown 
on Tinder will be enough to enable you to light a Candle. 


A Grain of Engliſb Phoſphorus , which they preſerve in 


a Phial full of Water, to prevent the Diſſipation of the 
Fire, being put between two Papers, if you force your 
Nail over it to cruſh it, your Papers will immediately take 
Fire. Take a ſmall Piece of the ſame Phoſphorus, and 
write with it whatever you pleaſe on a white Paper, the 
Letters will not be ſeen: At moſt a little Smoke will rife 
from it and give you the ſlighteſt Glimpſe of them: But 
the ſingle Shock of the ſmall Particles of Air, which ſtrike 
againſt the Fire contain'd in thoſe light Strokes, is ſuſficient 
to enliven it ſo far as to be extremely bright. There is 
no need of a Candle to read a Letter written that Way. 
It carries its Light with it; but we muſt be in the Dark to 
make uſe of it. There all the Characters will appear lu- 
minous, and be the more ſenſible, in proportion as the 
Obſcurity is greater, and as you will ſee nothing but them. 
This magnificent Phoſphorus, the Compoſition of which 
13 no Secret, and which till now was but a Curioſity, might 
be render'd of Uſe. We might employ it to explain our 
Minds from one Ship to another while tis dark, or to give 
Notice of the Wants of a beſieged Place, to thoſe with 
whom we ſhould have agreed about the Signification of 


ſome certain Characters. But the Uſe of the Phoſphorus 


15 not here the Object of our Inquiries. It is enough for 
us to obſerve, that the Manner in which it is compoſed, 
aims at nothing but to drench, or, as it were, to ſatiate it 
with the Matter of Fire; and that the Care we take to 


preſerve it in Water is grounded on this, viz. becauſe the 


Water efficaciouſly detains the Salt, which is itſelf the 
lrongeſt Priſon of Fire. 


The Hiſtory of the Academy of Sciences, 1711, 1714, 1720, &c. 
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It is becauſe Fire is a Body, and an extremely fine and 
ſubtle Body too, that it eaſily gets looſe through the Pores 
of a hard Body, and is ſtop'd by the {mall Surfaces of one 
Body that bears ſome Proportion with regard to its Fineneſ; 
and Tenuity. A Bottle of hot Water ſooner grows cold in 
a Marble Veſſel than in the open Air, and its Fire, which 
flows off into the Marble and the Air, is preſerved a long 
Time when wrapt up in Stuffs or in Wool; becauſe the 
Strata of Air, which reſiſt it, are then as much multiplied 
as the Fibres of the Wool which ſtop that Air, and the 
Reſiſtances are multiplied as much as the Surfaces. Fire 
alone would eaſily go through each Thread: But it is de. 
tain'd or intangled a longer Time in the Air, with regard 
to which theſe Threads are ſo many impenetrable 't ex- 
tures, 

Fire is ſo truly a real Body, that it dilates all the Bodies 
it enters into. An Iron Bar, made red hot, becomes a 
little longer and broader than before. The Iron Gage or 
Meaſure which ſerves as the Standard in ſome Courts, or 
in public Markets, does not always agree with itſelf ; It 
lengthens half a Line, or even more in Summer time, and 
ſhortens in the ſevereſt Colds. The Pendulum of Clocks 
lengthens a {mall Matter towards the /Equator; which con- 
curring with the ſlight Piminution of the Weight in thoſe 
Places, obliges its Inhabitants to ſhortenthe Pendulum; that 
it may beat true, and not too flow. Watchmakers and 
other Workmen very often obſerve, that a Piece of Me— 
tal loſes its juſt Meaſure, and lengthens a little in great 
Heats, A Pivot too exact, and which too cloſely fills the 
Cavity it turns in, may, when it grows hot, ſo dilate as to 
retard the Watch by the Increaſe of the Friction. 

What, beſides the Inſinuation of the Matter of Fire, 
could widen the Bottle of a Thermometer, and ſwell the 
Liquor within it? The Approach of a Wax- candle, your 
Breath, or your Hand, conveys the Fire, which flows 

rom thence, into the Pores of the Bottle which contains 
the Spirit of Wine. Vou firſt ſee the Liquor contract and 
ſink; becauſe the Belly of the Bottle, ſomewhat dilated, 
gives the Liquor more Room: But the Fire, immediately 
pailinz into the Liquor itſelf, makes it riſe very ſenſibly; 
becauie it increaſes the Bulk of it. Here is an Inſtance 
ill more convincing. : 1 
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If a Plate of Steel has on the Side of one of its Ex- 


tremities ſmall Teeth like a Saw, and thoſe Teeth fall into 
2 Pinion that ſets ſeveral Wheels a going, the latter of 


which ſupports an Index, when you preſent the Flame of 
two Wax-candles to the Plate, it will ſo effeually ftretch 
out and lengthen by the Inſixuation of the Matter of Fire, 
that it will ſet ſome of its ſmall Teeth a going, and by a 
neceſſary Conſequence will make the Pinion and the Hand 
turn: And if there be ſeveral Wheels that fall into other 
Pinions, the Motion of the laſt ſhall be extremely ſenſible. 
When the Lamina cools by the Efflux of the Fire, it will 
neceſſarily ſhorten, and make both the Pinion and the 
Hand play the contrary Way. To theſe palpable Proofs, 
which demonſtrate the Preſence of a real Body, let us add 
thoſe which are drawn from its Properties. The more 
we know of the Properties, which characterize it, the leſs 
ſhall we be tempted to miſtake it from the bare Motion of 


the Part of any Body whatever. 


Fire is a Fluid, and its Tendency towards 

ſpreading every where and every Way is Fire is a Fluid. 
an Effect of its Fluidity. It is becauſe Fire 

is a very penetrating Fluid, that it always endeavours to 
be every where on a Level, or in a State of Equilibrium, 
A hot Body, that is, a Body full of fiery Matter, being 
applied to cold Bodies, ſuch as Steel or Marble, commu- 
nicates its Fire to them. A hot Marble being brought 
near another, leſs hot, we by Degrees experience them to 
be of a perfectly equal Heat: But as much Heat as the ſe- 
cond Marble acquires by that Contact, ſo much Heat 
does the firſt loſe. The Fire, by inſinuating itſelf into 
Bodies, does then endeavour to ſpread therein, in an equal 
Quantity on all Sides, and thereby maaifeſts its Fluidity 
tous, We may eaſily obſerve this in the Care we take 
to pour, from one Veſſel into another, Liquors we have a 
mind to cool, by the Efflux of the Fire into the Subſtance 
of a Veſſel leſs warm than that we empty. It is Aill 
more obvious in the tempering of hot Metals. If we dip 
into cold Water the End of an Iron Bar made red hot in 
the Fire, Part of that Fire flows into the Water, which 
contains a leſs Quantity of it than the Iron: It dilates the 


As Experiment of Dr, Dzsac ULIERS, F. R. S. of Loxpox, 
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Water, and makes it bubble and boil : The Out.: ſides of 
the Iron, left by the Fire, contract by the violent Shocks 
of the raging Water which compreſs them, and become 
harder than they were before. So that the Fire, which 
remains within the "Thickneſs of the Bar, has no lonoe: 
the ſame Liberty to ſpread and flow towards the End and 
the Sides; becauſe they are both contracted and harden'd; 
but above all, becauſe it finds too many Obſtacles in the 
Water violently heated, and full of another Fire, which 
repels it. The Fire then finding leſs Reſiſtance in the 
Maſs and Length of the Bar, than in the Out ſides of tle 
temper'd End; it ſoon recedes from it; It creeps to the 
oppoſite Extremity, and the Bar, hot as it wes in the 
Hand of the Workman, when he made the End of it red 
hot, ceaſes to burn, the Moment it is temper'd. 

When I ſay, that Fire penetrates Bodies after the Man- 
ner of Fluids, and that it ſpreads in an Equilibrium, 1 
mean, that it begins by doing there at leaſt, what Water 
does when it enters Sand, It does not penetrate the 
Maſſes of that Sand, but it lodges itſelf between the In- 
terſtices which ſeparate them; and when it is either abun- 
Cant or agitated, it may poſſible raiſe tne Grains of Sand, 
and carry them with it a good Way, as if they alſo were 
become fluid. Thus it is, that common and moderate 
Fire heats all ſuch ſolid Bodies as Iron, Wood, and Stone 
are: It enters them without diſplacing the little Mailes 
between which it enters; and when it ruſhes into them 
with a greater Force, and in a greater Quantity, it dif- 
pates, melts, and calcines ; which in effect is ſtill more 
than diſuniting and carrying off. 

Fire has the ſame Effect on ſuch Bodies, as are, from the 
Fineneſs or Roundneſs of their Particles, apt to be dil- 
united, and with it to form a more or leſs denſe Fluid, 
By its Fluidity it diſſolves Salt, melts Ice, ſoftens Wax, 
makes Oil flow, and hinders Liquors from hardening : it 
communicates to them its own Fluidity, by keeping them 
in a State of Difanion, and by ſpreading, not indeed in 
the very Heart, but in the Interſtices of their Moleculæ or 
little Maſſes, When Fire has Activity enough to get from 
between the Interſtices into the very Moleculæ of ſome 
Tluids, as of Wax, Tallow, Oil, Spirit of Wine, or 
ed Brimſtone ; there it finds, as in ſo many Cells ©: 
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ſmall Purſes, hidden Fire, which they had the Power to 
retain. That ſecret Fire, joined with the external, ac- 
quires a prodigious Force. They are two Fires which 
unite their Power; and then it is, that the Inflammation 
becomes conſiderable. 
This Fluidity of Fire affords us an eaſy : 
Means to account, how a Liquor, ſo full of How Liquors are 
Fire as Wine is, may nevertheleſs be cool'd © . 
to ſuch a Degree, as to appear to us as cold as Ice, The 
ſecret Fire, which together with ſome other Principles 
makes up the Quantity and Strength of the Liquor, is there- 
in temper'd and ſtrictly bound or reſtrain'd by theſe Prin- 
ciples. It is as it were ſhutup and incloſed in Caſes, which 
are able to bridle or contain it in ſpite of its Activity. 
Tunis eſtential Fire is not in the Interſtices of the Wine, 
but in the Heart itſelf of the little Maſſes that compoſe 
it. And when the Liquor ſeems cool, notwithſtanding 
that internal Fire, it is becauſe the Air of the Cellar, con- 
taining leſs Fire than the outward Air, ſheds a leſs Quan- 
tity of it through the Pores of the Glaſs into the Interſtices 
of the Liquor. If the ſame Wine aſterwards grows hot 
in the Air, it is becauſe the Fire of the Air is a Fluid 
which has a Tendency to enter into whatever is offer'd to 
it: And that heated Bottle ſhall cool again in cold Water; 
becauſe the Fluid of the Fire, which is in the Interſtices 
of the little Maſſes of the Wine, will not fail to ſpread, 
1: poſſible, out of the Bottle, and get into the Water which 
iz preſented to it. Now, that Quantity of Fire, which is 
freely diſtributed in ſo great a Bulk of Water, came ſiom 
tne Bottle, Wherefore the Liquor muſt then be much 
cooler than our Air, and our Blood: That Drink will 
then, when it enters the Dody, be very fit to be fll'd with 
the too abundant Fire which troubles and inflames the 
Blood, It cauſes therein a Contraction, which, if mode- 
rate, Cannot but be wholſome. Were it exceſſive, it would 
rob the Blood of the greateſt Part of the Fire which makes 
KRud: It would coagulate it, and choak up the Veſlels. 
When we have our Hand very cold, and apply it to 
tie Heart, the latter does then feel a Cold which con- 
tracts it; becauſe the Matter of Fire that Moment abund- 
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great Quantity of Air and Fire between their Threads; 
whereas the Hand, void of that Element, opens all its 
Pores to it. 

ice likewiſe is very fit to cool Wine, becauſe it con- 
tains ſcarce zny Fire at all: I ſay, ſcarce any; for it i; 
nor wholly deſtitute of it, ance it evaporates, and in 
time leſſens its Weight; which would not happen, did 
nt the Fire carry off a few Particles of Water from it. 
T'aeretore Ice cools the Wine, not indeed by communi- 
c ting to it Cold, which is nothing; but by robbing it of 
a creat Part of the Fire which lodges in the Pores of the 
Wine, and which the Water does then receive into its own. 
It is on the Fluidity and Transfuſion of Fire, that the 
Violeſomnels of cool Oyſters, of Radiſhes, Sallets, and 
Paths is founded. The Water of the Bath, and theſe Foods, 
as they contain but very little Fire, the more eagerly 
abiorb that which devours us; whence proceeds that 1uc- 
den Sedateneſs of the Blood, which we experience aimoit 
equally from the Uſe of freſh Oyſters and that of Batli- 
ing. As Phyſcs and Nature concur to- inform us of 
the Neceility of cooling our ordinary Lrinks, in order 
to abſorb a Part of the Fire which heats our Blood; 
inſtcad of Ice, which is not always to be found, or the 
Cie of which agrees not With all Stomachs, and which 
15 deſcroy'd by the very Uſe we make of it, we may 
employ ſeveral Salts, which being thrown into the cool- 
ing Ciitern, make the Water almoſt as cold as Ice it- 
ſelf by compreſſing between their Laminæ what Fire 
they find in the Water, and thus occaſioning the Efflux 
of the Fire out of the Bottle. We may receive tie 
{ame Benefit from the Sea Salt, and better ſtill from the Sal 
Ammoniac. As both theſe Salts may be cryſtallized at 
the Bottom of the Veſlel, by the Evaporation of the Wa- 
ter, their Services may be repeated ſeveral times; ſo that 
the Expence is not greater than that of the Ice. Tie 
Salt which is extracted from the Sea-weed, being al- 
moſt of the Nature of the marine Salt, and extreme!y 
cheap, may ſupply the Place of all the reſt. It is 2 
common Saying, that extinguiſh'd Coals, or a few Bits 
of Brimſtone dipt into the Water, will cool it. It is fait 
ſo indeed ; but Experience ſhews us the contrary. The 


ight perhaps have ſome 
Coals taken out of a Cellar might perhaps Effect 
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Effect that way; but that is a very ſorry Shift. 

No doubt you would be glad to conceive, how the 
Diſſolution of Salt can render a Liquor colder. The 
moſt ſatisfactory Account I can give you upon that 
Ficad, is, that Water, having no other Action and Flu- 
idity but what 1t receives from the Fire ſpreading in its 
Fores, ſo ſoon as that Action ſhall begin to communicate 
itſelf to the Salts, and reduce them alto into a Liquor, 
the Water neceſſarily loſes by their Diviſion. It loſes 
the more, becauſe it is the Property of Salt to impriſon 
Fire cloſely, and, as it were, to chain it up: And the 
Ground of this is, that the Jittle Laminz of Salt are more 
impenetrable by Fire than any other Element. The Los, 
wich Water ſufers of that Fire which is diſperſed and 
captivated between the Laminæ of Salt, is ſo great, that 
it oftentimes is followed by a perfect Congelation. Nay, 

Handful of Salt and Snow mi:ced together, and applied 
on the Outſide of a Bottle, is ſuſſtcient to rob the Water 
it contains of all its Fire, and to impriſon it ſo far as to 
make the Water of the Bottle freeze, even in the Middle 
of the Summer. 

The Cooling of Liquor leads vs natu- Th Origin of 
rally enough to a Conſideration into the te Signs of 
Fluidity of Fire, for an Anſwer that may Coolnefs,. 
latis'y to the Queſtion you have ſo often 
heard made at Table: What is that Cloud which cold 
Wine always ſpreads on the Glaſs as ſoon as it is pour d 
into it, and which brings upon the Servants Reproach- 
cs, uſeful perhaps, but oftentimes undeſerved? It is the 
Celd of the Liquor, ſay they, which thickens the ambi- 
ent Air and turns it into Water. But how is that con- 
ccirable? If Cold is nothing, it can produce nothing: 
Lelides, Air is conſtantly Air; and all judicious Chemiſts 
agree, that Water never changes its Nature. 

Fire alone operates every thing here either by its Pre- 
ſence or Retreat. The Wine drawn out of a cool Cel- 
lar, evidently contains much leſs Fire than the external 
Air heated by the Sun. The Fire, of which the Air is 
full, by an Effect of its Fluidity ſtrives to get Admiſſion 
into every Place. It then enters through the Pores of 
the Bottle, and ſpreads in the Liquor, till it is there in 
a perfect Equilibrium, or in the ſame Quantity as it is in 
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the Air. But we ſaw in another Place, that the Air is at 
any time, and eſpecially in the Summer, full of . 
rated and attenuated Particles of Water, which the Fire 
ſuſtains there, and which cannot be admitted where Ei 
is. So ſoon as the Fire inſinuates itſelf inte the Bowe, 
ng Air, and eſpecially the Water, which the Activity o 
e Fire ſuſtain'd, are abandon'd by it at the En trances 
— the Paſſages; where they immediately chicken as a Fog, 
and afterwards gather into a Mas, which gutters down in 
{mall Torrents on the Side: of the Bottle. Ihe ſame Thing 
happens on the Outſides of the Glaſs into which cool Li- 
guor is ſuddenly pour d. Let it be either Wine or Wa- 
ter, the Effect is equally the ſame; becauſe it proceeds, 
not indeed from any Fire cfiential to the Liquor, or from 
any Quality inherent therein, bu tro on the Equilibrium of 
the external Fire, which ſpreads where ever it finds a free 
Place, which goes backwards and forward into the Pores 
of the Glaſs, and of the Liquor:, and which, by inſinu— 
ating itſelf from the Air into theſe Veſlels, lets thoſe Par- 
ticles of Water, which it 'olatilized, fall en the Out-ſiCes 
of the Glaſs. If 3 vou empty your Gl, iſs of the cool Li- 
quor, then 2 Cloud of Moiſture is form'd within, as well 
as on the Out-ſide-of the Glaſs; becauſe all, or nearly 
all, the Fire that was in the Subſtance of the Glaſs, have 
ing own into the cool Liquor, this is no ſooner removed, 
put the Fire of the Air enters into the Thickneſs of the 
Glaſs on both Sides at once. Put as ſoon as the Fire of 
the Air ſhall have put itſelf in an Equilibrio, both in the 
Air and te Bottle, or the Glaſs, you will Lo longer {ce 
any Thing of this Kind. When the Fire ceaſes to enter 
into them, there is no longer any Fire which abandons the 
acrial Water, which of courſe as together. Let us 
trace this Mechaniin, and the natural Effects of the 
Fluidity of Fire; in order, from this Inquiry, to ſind out 
the Solution of ſeveral Quet: ons wanting Explicat!on. 
It 1s commonly ſaid, that Marble, 
The Origin of Chalk, and ſquare Dutch Tiles, attract 
ihe Moittnefs of Moiſture. Having here Recourſe to At- 
Marbles, Pave- 
eats, Tos, traction, would be diſcourſing in a Icarn— 
ed Strain on what we mould not under-— 
ſtand. Theſe Matters do not attract, but only ſtop the 


Water. They yield a free Paſſage to che Fir e, which 750 
reſuie 
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refuſe to the Water divided by it. Whenever there is in 
the Air of an Apartment more Fire than in the Walls, that 
Fire endeavours to ſpread every where in an equal Quan- 
tity. Now, it cannot enter the narrow Pores of the 
Marble, Chalk, and glazed Earth, without leaving a thou- 
{and Particles of Water at the Entrance of the Paſlages, 
which are too ſmall to admit them. This Water will 
gather there ſo far, as to form a ſenſible Covering of 
Moiſture. The Fire penetrates, and gets away; but the 
Moiſture remains. It afterwards evaporates from off the 
Walls. Another Covering ſucceeds it, and takes the ſame 
Courſe. Theſe Vapours removing from the Walls, ſwim 
in the Apartment, juſt as we ſee them roll in the Air- 
pump, after the Air which kept them rarefied has been 
exhauſted, They make the Air thick: They even may 
render 1t pernicious to Health when they are over a- 
bundant ; and ſtill more ſo, when they mix it with the 
Saltpetre which they carry off with them from the Foot 
of the Walls, whither it is ſent and extracted from the 
Urines which penetrate the Earth; which never happens 
in an Apartment built on a Stone Arch. Tapeſtry-hang- 
ings, on the contrary, hairy Stuffs, Fleeces, Skins dreſs'd 
with their Hair on, and even the Wood of Wainſcots, of 
inlaid or plain Floors, as they contain in their Fibres, and 
in their wider Pores, a very great Quantity of Air, the 
Fire which is in Equilibrio in the Air of the Room and 
in that of thoſe Fibres, cannot flow into it with the ſame 
Liberty, and meets in that Multitude of ſmall Particles of 
air and Surfaces a greater Number of Obſtacles to its 
F.tage, than in the narrow Pores of the Marble. Among 
\Woods, the moſt compact, as Box, always is colder than 
the moſt porous, as Cork, which retains a great deal of 
Air and Fire in its Pores. 

Ihe ſame Fluidity of Fire moſt ſenſi- The Ogsin of 
Ly difcovers itſelf, in very cold Weather, the Hoar-froit, 
on the Glaſs- windows of our Apartments. 

Fire, incloſed in the Air of a Room, neceſſarily ſpreads 
on every Side, if it be fluid. It muſt needs endeavour 
to get looſe, and plant itſelf where-ever there is the leaſt 
Quontity of the ſame Element, and it will make no Ef- 
tort to How into an Air already as hot as that it is poſ- 
fels'd of, It will therefore be ſtopt by the Wood, 
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and more ſo ſtill by the Tapeſtry-hangings, which con- 
tain a great deal of Air. On the contrary, it will flow 
off through the moſt compact Texture of the Glaſs-win- 
dows, which contain neither Fire nor Water. It will diſ. 
| Perſe in the colder Maſs of the external Air, till there is 
on Equilibrium both in the external Air and that of the 
Room. 'The Fire, which goes out through the Window, 
leaves within, and at the Entrance of the Pores, the Parti. 
cles of Water and Air to which it was united. Theſe form 
a Cloud, which grows denſer in proportion as the Fire 
goes out. At laſt the Quantity of Fire, which by little 
and little flows into the cold Air without, is ſo great, 
and that, which remains in the Maſs of Air within the 
Room, becomes ſo very ſmall, that it can no longer keep 
the Particles of Water, which are condenſed on the Glaſs- 
window, in 2 State of Fluidity, That Water muſt then 
of neceſſity freeze: And in reality all the Particles of them 
fall one on the other by ſmall Parcels or by Filaments 
much of the Nature of Snow, forming at random ſome 
ſeeming Foliages, according as their Weight, or the Im- 
preſſion of the Air, has driven them to the Right or Leſt, 
and they are drawn near to each other in the Congelation. 
This is what we call a Hoar-froſt or Ryme, which, as you 
ſee, muſt be, and in reality is form'd on the Side of the 
Glaſs-windows next the Apartment. But as ſoon as the 
external Air ſhall acquire a greater Heat than within the 
Houſe, by endeavouring to ſpread from without in the 
Room, then the Moiſture will appear on the Glaſs-win- 
dows without: A Thing we conſtantly experience in every 
Thaw. In Conſequence of the ſame Fluidity of Fire, 
when the Air, which has been a long while cold in large 
Halls, ſhall begin to become warm again, and the Fire 
penetrate in greater Quantity the Columns of Stone, the 
Marble, and the Pictures; then the Moiſture ſhall hang 
on the Out-fide of them, and flow down them in Streams. 
From the ſame Cauſe proceeds the Thickening of our 
Breath, ſo far as to be ſenſible when the Weather be- 
comes cold and cloudy. The Eftux of the Fire from 
our Breath into the external Air, lets the moiſt Particles 
of it fall one upon another; and they are the more ſen- 
ible, when they meet in the Air with ſome others which 
are an Obſtacle to them. 
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The thickening of our Breath on a Mar- 

ble, a Glaſs, or any other very compact Diftill'd Waters. 
Body ; the Reunion which is made of the 

Vapours of boiling Water under the Cover that ſtops 
them ; the Condenſation of the Fumes of an Alembic, 
when they adhere to the Top, and contract in a Pipe ſur- 
rounded with cold Water; the gathering of the Dew on 
Glaſs or Marble, rather than on Cork or Fir, are again ſo 
many Operations wholly owing to the Fluidity of Fire, 
and the Coarſeneſs of the Matters it ſuſtain'd. This eva- 
porated Matter would meet with a Refiſtance, and be o- 
bliged to undergo a Conflict, did it meet with any Air or 
Fire lodged in the Pores of Cork, and ſtill more fo, if it 
ſhould meet with a Cover red hot, and full of another 
Fire; it would be repell'd thereby; but the Fire getting 
quietly looſe through the ſmalleſt Pores of cold Marble, 
a Glaſs, a Piece of Slate, or of Glaſs deflitate of Heat 
and Air, there quits the Company of the watery Particles, 
which prove too groſs for ſo n:rrow a Paſſage : Theſe 
Particles ſtick thereto, without being able to proceed any 
farther. The Body that ſtops them 1s properly a very fine 
Sieve, which gives Paſſage only to the Fire. Every bo- 
dy knows, that cold Meat hardens, when you warm it a- 
gain in Water; and that on the contrary, you may warm it 
ithout making it either hard or inſipid, by putting it in- 
to an earthen Pan well cover'd, and placed over an earth- 
en or caſt Iron Pot, in which Water is actually boiling, 
call'd the vaporous Bath. The Fire inceſſantly raiſes from 
tie bo:ling Liquor Bubbles of Air and Water, which ſpread 
all round the carthen Pan. The Fire which penetrates 
the Pores of it, gently warms the Meat already prepared : 
But the Water it quits, cor denſes under the earthen Pan, 
and thence gutters down in large Drops. 

Let us proceed, and run over ſome other Experiments, 
to prove the Fluidity of Fire, and its Tendency towards 
puturg itſelf on a Level, and in Equilibrio, where-ever 
it can get Admittance. It is in order to ſhelter ns from 
the Eſforts of the Fire reſiding in the external Air, and 
which is always ready to ſpread every where, that we in 
Summer-time oppoſe itz Paſſage by Curtains and Win- 
:ow-ſhutters, What we get by this is not to free our- 
lelves of it intirely, but to experience much leſs of it, and 
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to breathe an Air colder than the Humours of our 
Body. 
* It is becauſe Fire, notwithſtanding all our Caution, 
gets into our Apartments, that it inſinuates itſelf to the 
very Bottom of our Cellars. Though they ſeem to us 
then to be very cool, they in reality contain more Pire 
than they did in the Winter, when they appear'd warm 
to us; ſince the Thermometer was then lower in it than in 
the Summer: And theſe Appearances, which ſeem contra— 
ry to Truth, convince us, it we do but conſider, that God 
has regulated the Order of our Senfations, and the No- 
tices he gives us of what paſſes without, not on the State 
of Things themſelves, but on the Importance or Concern 
they may be of to us, and purely as they relate to ovr- 
ſelves. We then in the Summer perceive the Air of the 
Cellar, or of a Marble-hall, very cool, not that it is then 
void of Fire, or that it contains leſs of it, than in Win- 
ter; but becauſe that Fire being much weaker than that 
of the external Air, which ſcorches us, we are inform'd 
by the agreeable Coolneſs that is perceived in low Pla- 
ces, or in the Liquors drawn out of them, that we heve 
found a ſure Means of freeing ourſelves of a gieat Part 
of that exceſſive Fire which dilates and diforders the 
Humours of our Body. And the Air of the Cellar, on 
the contrarv, ſeems to us hot in Winter, not that it then 
contains as much Fire as in Summer- time, but becauſe it 
contains a greater Quantity of it than that which actually 
floats in the external Air, which affecs our Pody, and may 
occaſton tco great a Loſs. 'T his Variety of Appearances 
is perfectiy Lke that which we experience, when having 
one Hand very cold, and the otiter very hot, we dip then 
both into luke-warm Water. Ihe Water ſhall ſcem very 
warm to the cold Hand, into which it infinuates its Fire ; 
and very cold, on the contrary, to the warm Hand, Which 
it robs of its CWn. 
The ELM Having proved the Fluidity of Fire, 
e aH⁰cit 3 1 ” 
of Tie: we have already proved its Elafticity, or 
its natural Diſpoſition to ſpreading, and e- 
very way puſhing againſt what ſurrounds jt, with this Dit- 


Whether Cellars and Vaults are indecd warm in Winter, and cold in 
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{:rence between it and the other Fluids, that Fluidity and 
Elaſticity are inherent and proper to it, whereas others do 
perhaps receive that Activity from it. A Croud of other 
Proofs, which we daily have before our Eyes, more than 
ſuſiciently convince us, that Fire inceſlantly ſtrives to make 
itſelf a Paſſage every where, to dilate on all Sides, to ſpread 
all round, to proceed, to penetrate, to diſſipate. Is there 
any Thing that it cannot go through or diſſolve? But this 
o powertul Elaſticity does not always act in the ſame 
Manner. There are even Caſes in which it is no longer 
ſenſible, even in a very great Fire. We very often ſee the 
iire rolling on itſelf, and without Fuel in luted Veſſels, 
quietly getting looſe out of them, and to Appearance mak- 
ing no manner of Effort to break them. If the Strength 
is always the ſame, whence can this Diverſity proceed ? 

There are in Nature but three truly flvid Bodies known, 
and which by their perpetual Activity are the Principles 
of all Motion. I mean Light, Fire, and Air. The Light 
is an univerſal Fluid, which extends to the very Stars; 
our Fire and our Air are two Fluids attach'd to the Earth 
for the Service of Man, and ſpread round his Habitation. 
The Light is of ſuch prodigious Fineneſs, that it pervades 
the Textures of all Bodies, and influences them only by 
Help of Fire, with which it is in an exact Proportion. It 
impels the Fire, and is thereby reciprocally repell'd. It 
renders Fire more active, by communicating its Motion 
to it; and Fire troubled or forced out of its Equilibrium, 
reciprocally acts upon Light, and makes it ſhine. But 
the Body of Fire, though heavier than Light, is yet too 
fine to be able of itlelf to diſplace the Maſſes of terreſtrial 
Poctes, It croſtes, without diſuniting them: It gradually 
lows from, without breaking them. It every where 
linds Paſſages free enough to get looſe, without making 
any Fracture. But by the Shape of its Particles it keeps 
an exact Medium between the Light and the Air. And 
as Air is a heavier Fluid than Fire, its Union with the 
Air makes it already more capable of acting upon thoſe 
Bodies it would only have grazed upon, or have penetrat- 
cd without Oppoſition. Fire, in itſelf full of Activity, 
borrows a double Acceleration, and conſequently a double 
Force, both ſrom the Impulſe of the Light, and the Spring 
of the Air let looſe againſt it. 
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Fire borrows many powerful Helps, beſides, from other 
Fluids, ſuch as Oil, Mercury, Salt, and Water: But it is 
aſſiſted by them in a very different Manner. Theſe Ele- 
ments have only a borrow'd Fluidity. They are elaſtic, 
or inclined to dilate only in proportion to the Quantity 
of Fire they receive into their Pores; ſince they coagu- 
late or freeze by the Efflux of Fire. When they are ad- 
ded to the Fire, they properly add nothing to its Quick- 
neſs : But it is not to be imagined, how much they con- 
tribute to render its Action terrible, and full of Force. 
The Oil ſupplies the Fire it is thrown into with another 
very plentitul Fire, and a Multitude of Bubbles of Air 
is confined in its little Maſſes. The Conſequences of it 
are eaſily obſerved. Oil is the true Fewel of Fire. 
Mercury, Salt, and Water, may impriſon and ſurround the 
Fire, and render it of no Force: But if that Fire comes 
to increaſe its Quantity and Velocity, it is then the more 
dreadful, becaule it acts in Concert with thoſe Elements, 
and drives before it Maſſes capable of barring its Paſſage, 
and which will help it to overthrow every thing ; whereas 
without the Oppoſition of their Surfaces, the Fire would 
be diſperſed through a greater Space, or flow out through 
a greater number of Pores, and thus remain without Et- 
fect. It is the Proportion of the elementary Parts which 
makes this Variety in the Effects of the ſame Power. 
Throw the ſmalleſt Flint into a great Fire, the Fire and 
Air, which incompaſs the Surface of it, have not Power 
enough to throw you that Maſs back. Do but pour Wa- 
ter into a great Fire ; the Proportion between the little 
Maſſes of Water and thoſe of the Air animated by the 
Fire is ſuch, that the Water, in itſelf without AQivity 
and Reſiſtance, ſhall on a ſudden be repell'd with a pro- 
digious Force and Degree of Expanſion. It hurries away 
with it Aſhes, Coals, Shards of Pots, Bricks, Stones, 
and whatever it meets with, and oftentimes produces 
very {ad Accidents in Kitchens. 

The Fire and the Air, which exhale from Hay or 
from Sheats of Corn newly put together in a Rick, are 
diſſipated without any Damage, if the Whole be well 
dried. Put if the Heap be moiſt, the Fire and the 
Air ſtopt by that Moiſture, heat it ſo far as to pene- 
trate and rot, and even ſometimes ſo far as to fire the * 
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The Farmer may prevent this Miſchief. When rainy 
Seaſons force him to houſe his Harveſt without an Op- 
portunity of drying it, he places in the Middle of the Rick 
two or three large Faggots of Thorns, and by that Means 
leaves a large Space, to which the Fire and Exhalations 
coming from all Sides, dilate, and thus loſe all their Force 
and Activity. 

We ſhall find the Proofs of a like Mecha- Th _ 
niſm in the Eolipyle. It is a ſmall Veſſel The Eobpyle- 
of Braſs of the Form of a Pear, having towards its Point 
a ſmall crooked Pipe, with an Orifice of about the twen- 
tieth Part of a Line. When this Veſſel is put on a very 
quick Fire, the Fire will dilate the Air within : It will go 
backwards and forwards through the Pores of the Pear, 
without any ſenſible Alteration ; becauſe the Air it drives 
away finds a Vent through the Orifice of the Pipe. If 
that Pear, being red hot, be dipp'd into the Water, the 
dilated Air therein contracts on the Approach of the Wa- 
ter. The Veſſel by degrees is fill'd with Water and Air 
by pretty near equal Portions. Now, again, put the 
Eolipyle on the Coals, with the ſmall end of it dipping 


towards the Fire, and the Orifice of the Gullet turn'd up- * 


wards, which by this Means the Water fills without flow- 
ing out: So ſoon as the Fire is clear, that Element, which 
jeem'd not to act on the Inſide of the Pear when it was 
without Water, and nothing to confine it, begins by di- 
lating the Air there: The Air unbends all its Springs 
againſt the Water which ſurrounds it: This, though by 
Nature void of Activity, being ſtiongly puſh'd every 
Way, and at the ſame Lime confined by the Sides of the 
Vellel, finds no other Inue but the ſmall Vent of the Gul- 
let, towards which all the Fury of the Fire ard the Air, 
and of Courſe that of the Water, turns and centers. The 
Water guſhes out of it, notwithſtanding the Smallneſs of 
the Vent, and the Reſiſtance of the external Air, and 
ruſhes forward to the Diftance of fifteen or twenty Foot. 
In this Manner Fire, which barns, and is keept quiet under 
a Heap of Aſhes, by the Liberty which a thouſand little 
Pailages leave it of getting out into the Air, and of bor- 
rov, ng ſome Aſſiſtance from it; that Fire, I ſay, when it 
receives a few drops of Water round it, dilates them, lifts 
them up, and with them the Coals and Cinders. For this 
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Reaſon it is, that ſubterranean Fire, which, if alone, 
would roll round or through a ſmall Flint without 6if. 
placing it, being join'd to the Air and Water, lifts enor. 
mous Maſſes, ſhakes whole Regions, pierces the Ground, 
makes Rocks mount into the Air, and overthrows whole 
Mountains. A Simile will make this ſufficiently clear. 

A Croud of Boys ſee at a Diſtance ſome ripe Fruit, 
To ſee and covet them, is with them one and the ſame 
Thing: They firit of all ſurvey all round about: No 
body appears to moleſt them. Nothing but a Hedge parts 
them from the Object of their Deſires : How is this Bar- 
rier to be got over? In vain do they apply their Hands 
and Sticks to the Hedge : The Sticks go through : Their 
Hands are ſcratch d: Tears flow: Nothing has as yet 
been removed. They perceive a Harrow raiſed again: 
the Hedge; and by the advice of the beſt Genius among 
them, they all in concert apply their Sticks againit the 
Bars that join the Pieces of the Harrow. They work ſo 
hard with their Feet, their Arms, and the whole Weight 
of their Bodies bearing againſt the Sticks, that all thee 
little Forces united, which were of no Effect when they 
could act but a ſingle Point, now puſhing againſt the 
Hedge by the whole Breadth of the Harrow all at once, 
they make a Breach in the Hedge, and plunder withcut 
Controul. 

The Harrow gives theſe Children no manner of Strength, 
but it unites and improves thoſe Forces, which by being 
diſunited were render'd of no Effect. So when the Fire, 
aſſiſted by the Air, drives before it Surfaces of hard or 
maſſy Elements, ſuch as Salt and Water, which canr.ot 
be admitted through the Apertures that would yield a 
Paſſage to the Fire, then does it make the moſt horrid and 
dreadful Havock, and overthrows, bruiſes, or ſcatters, by 
that means, what it would have fingly gone through, by 
a ſteady Rflax, and without damaging any thing. 

Therefore, though the Elaiticity of Fire be not always 
ſenſible, yet it is always effective, and it is from that 
Elaſticity modified or aſſiſted by the other Elements, thet 


we may deduce the ſeveral Actions of Fire. Let us col- 


lect all we ſaid about it, and form a ſort of Dictionary ci 


it, that may the better unravel the Whole, and ſix it in 
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our Memory, 'The AQtions of Fire are to kindle, to in- 
creaſe, to ſmoke, to ſhine, to blaze, to crackle, to ſparkle, 
to aſcend, to evaporate, to blacken, to dry, to melt, to 
vitrify, to calcine, and to be extinguiſh'd, 

Fire kindles : Not that it takes Birth Te Dictionary 
where it did not exiſt; but becauſe it ga- of Fire. 
thers and becomes active where it was at 
reſt, and by a borrow'd Help becoms victorious where 
it was chain'd up. 

Fire increaſes, either in Quantity or Velocity, or both 
Ways at once; and that by five principal Means. 1. By 
the Impulſion of Light, eſpecially when its Rays are col- 
jected in one and the ſame Point, or on the ſame Parcel of 
Fire, 2. By the Impulſion of. the Springs of the Air, 
eſpecially when they tend to the ſame Place. 3. By the 
Atlvence of the Oil and of the Fire contain'd in freſh Air. 
4, By the Junction of the Fires contain'd in combuſtible 
Matters, and eſpecially in oily Juices, 5. By the Nar- 
ron neſs or the Space within which a great Quantity of 
Fire is confined and accelerated between Surfaces of Water 
and Salt. - 

Ic /nokes, by carrying off the Waters and other Paiticles 
which it is capable of raiſing, and among which'it is en- 
veloped, being in too little a Quantity to incompals and 
verpower them, ſo far as to ſtrike immediately againſt 
tie Body of the Light. The Smoke is ſo full of Fire, 
and it is ſo very true that the Fire forces it upwards in 
pie of its Weight, that if you pour Water on a burning 
Log, you run the 11fk of ſcalding your Hand, in paſſing 
it through the Vortex of Smoke that riſes from it. 

Fire 6/axes, when it is ſtop'd within a narrow Space 
by a ſmall Quantity of Particles of Water, taken from the 
combuſtible Matters, and 1s there accelerated by the re- 
peated Shocks of the Springs of the Air. A moderate 
oiſture, made up of Water and Oil, is properly the 
Caule of Flame. Therefore Coals, that have loſt almoſt 
all their Moiſture, yield little or no Flame at all; and if 
the Fire of the Flame is the ſtrongeſt of Fires, it is be- 
cauſe each Particle of Fire being barr'd by as many Par- 
ticles of Water, their Vortices eee the more rapid, 
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of the Water, and by dilating leſs. Would one naturally 
ſuppoſe, that it is this exact Meaſure of Water incloſed 
together with the Fire in all oily Juices, hat makes up the 
Flame of Sulphur, Wax, Tallow, Fat, and Oils? The 
Analyſis, which diſcovers that Water again in them, leaves 
us no Room to doubt of the wonderful Providence, which 
has for our Sake lodged, in the Cells of Oil, Principles ſo 
different from one another, and render'd them ſo very 
active and powerful, by the exact Proportion of their 
reſpective Quantities. But the Water and Fire of the 
Oils, when diſengaged by an external Fire, and all ſorts of 
Flames in general acquire a new Degree of Force, when 
the Air joins them by its Agitation and conſtant Renewal. 
We need not, in order to convince ourſelves of this, have 
recourſe to the prodigious Force which a perpetual Blaſt, 
always directed to the ſame Point, gives to the Lamp of 
an Enameler. The Uſe of our common Beilows is ſuf- 
ficient to inform us, that Fire, ſtrengthen'd by the Shocks 
of the Air towards a ſma!l Maſs of Fire, ſpreads through, 
and in all the Outſides of the Particles of Water, and of 
other Elements, which it carries off from the combuſtible 
Matters, and by ſhewing itſelf, hinders them from being 
ſeen; whereas that Brightneſs ceaſes, when the aqueous 
Particles are too abundant, and when the Fire, incloſed 
within the Maſſes of Smoke it drives away, does no longer 
act immediately on the Body of the Light, 

Smoke is Flame begun, and the one 1s ſo little different 
from the other, that the leaſt Increaſe, either of the Quan- 
tity, or Velocity of the Fire, is ſufficient to turn the 
Smoke into Flame. If you bring a Wax candle, juſt put 
out, near another that is lighted, holding the ſmoking 
Snuff a little lower than that on Fire; as ſoon as the 
Smoke of the firſt, carried by the Motion of the Air, ſnail 
touch the Flame of the other, the Flame will ſpread both 
without and within that Smoke, and creep as it were into 
it, deſcending towards the extinguiſh'd Match, which it 
will immediately light again. 

Fire /ines without either Smoke or Blaze, when it 
finds, in the Body it conſumes, few or no aqueous Parti- 
cles that ſtop it; ſo that it flows off, and is more eaſily 
diſperſed, That Brightneſs, free from Smoke and Flame, 
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is obſerved in all combuſtible Matters, after they are re- 
duced to a Coal by the Diſſipation of their Moiſture. 

Flame therefore is properly nothing but a middlin 
kind of Smoke, on which the Fire prevails, notwithſtand- 
ing the perpetual Oppoſition of the Water that ſtops it. 
For this Reaſon it is, that the Fire of a Forge becomes ſo 
very bright, when after it has been contracted and damp'd 
by the Water of the Wiſp, it gets the better, and carries 
of that Water. For the ſame Reaſon, when Fire ſeizes 
on a Tun of Oil, or ſome other Maſs of fat or oily 
Juices, if ſome unexperienced Hand happens to pour Wa- 
ter upon it in order to put it out, the Fire, inſtead of 
being thereby abſorb'd, divides and overpowers it, with 
an Expanſion or Deflagration extremely bright, and 
capable of firing eve:y Thing in the Neighbourhood 
01 It. 

Fire cracſles, when it violently lets looſe ſome Particles 
of Air impr.ſon'd between Laminæ of Salt. There it 
does in a leſs Degree, what it does with a great Noiſe in 
Gun-powder, and in the Palvis fulminans. 

It ſparkles, when it is ſtrong enough to diſperſe . ſome 
ſmall Parcels of the combuſtible Matter wherein it is in- 
cloſed. Such are the Parcels of pounded Coal it ſucceſ- 
avely cauſes to iſſue out of a Squib or Rocket. 

Fire riſes, or always tends to that Direction. For tho 
it violently ſpreads on all Sides, and gets to the Bottom, 
as well as the Sides ef the Bodies it conſumes, when com- 
poſed of many very elaſtic Vortices, and aſſiſted by the 
Elaſticity of the Air, it has beſides a natural and ſenſible 
Tendency to go off from the Earth, let that Tendency 
be look'd upon as the primitive Impreſſion of him who 
made every Thing as he pleaſed, or as only the Reſult of 
leis Heavineſs ; whence it happens that the maſſier Bodies 
place themſelves below it. However that Effart, which 
Fire makes to get above, carries along with it the Matters 
It has divided, with all the Air it has either unbent or 
dilated. The Parcels of Water, of Tallow, of Wax, and 
the heated Air ſpreading upwards, make a more remote 
and more contracted Air, which is always charged with 
a little Water, to return on every Side the Flame. The 
Spring of it being briſker, that Reflux of Air is — 
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Fewel of the Fire, both from the Conſtraint it is retain'q 
in, and the perpetual Supply of Water it ſuſtains, and 
of the Oils which the Water carries every where upon its 
Globules. 

Fire b/ack2ns what is has not the Force of either con. 
ſuming or deſtroying. When it has driven off all the 
Moiſture of a Piece of Wodd, it circulates in a thouſand 


Ways through the Texture it cannot divide; and when 


it is diſſipated, the Wood is then pierced with ſo many 
Holes, that the Light is therein abſorb'd, and no Part of 
it is beaten back by Reflection, but that which is neceſſary 
to render the Form of that Body viſible, in which the 
black Colour conſiſts. A learned Engliſeman, famous 
3 for his Induſtry in perfecting Microſcopes, 
_— Micro- judging of the Quantity of oreat Pores, 
een which the Surface of a Coal an Inch in 
Diameter contain'd, by the Number he could reckon in 
the eighteenth Part of an Inch, found, that that Diame- 
ter contain'd above ſeven Millions ſeven hundred and 
eighty thouſand. What muſt then be the Number of 
imperceptible Pores, and what a vaſt Diſſipation mult the 
Light ſuffer in ſo many Apertures ? 

Fire evaporates, or cauſes the Moiſture it meets with 
to evaporate. When it has Strength enough to hurry 
with it the little Maſſes of Water that oppoſe its Motion, 
it fills the Air with them, and diſperſes them to Diſtances 
far ſuperior to the Regions of the Clouds. The whole 
Interval, from the Top of the Atmoſphere down to the 
Earth, is full of theſe Bubbles of Water. The Light, 
the Fire, the Air, and the Water, are evidently one wich- 
in another, exerciſe each of them its proper Action, with- 
out Damage to each other; and on the contrary work in 
Concert for the Service of the Earth. 

Fire dries and hardens all thoſe Bodies, the Moiſture of 
which it evaporates: But it performs this Operation only 
by the Aſſiſtance of the Air. Wherefore a ſharp Wind in 
a manner dries and burns as Fire does; becaule by carry - 
ing away the Water in its Courſe, it contributes to draw 


again near each other, and to harden the Particles of the 


Surfaces which the Water quits. Froſt alſo hardens, but 
in a very different Manner. It does it, not by carry ing 
away), 
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away, but by contracting the Water by the Efflux of Fire. 
And when this Contraction of the Fluids happens in the 
Body either of Plants or of Animals, it compreſſes, di- 
ſturbs, and breaks there the little Veſſels neceſſary for 
Nutrition : Whence it happens, that a Leaf, which has 
been frozen, having no more its Veſſels placed as before, 
rots at the Thaw : And if the Sun ſhines upon it, and 
draws off all the Moiſture of the rotten Leaf, the Tex- 
ture of it is totally deſtroy'd, and it is no more than a 
Quantity of Duſt. | 

Fire makes fluid, or puts into a State of Fuſion, Water, 
Oil, all oily Juices, and generally all Metals. It in ſome 
ſort communicates its Nature to them; ſince it puts them 
in a State of Fluidity ; and its communicating that Qua- 
lity to them, rather than to the other Bodies, is, becauſe 
being more ſimple, and made up of uniform Particles, 
they are the more proper to retain it in their Interſtices 
wherein it rolls, diſplacing theſe little Maſſes, and makin 
them tumble one upon another. What confirms this the 
more is, that when it ſpreads therein in a greater Quantity, 
or with greater Violence, it prevades, ſcatters them, 
and makes them evaporate. Thus it exalts and refines 
Salt, Mercury, Lead, and all Metals ; fince Gold itſelf, 
weighty as it is, inſenſible is diſperſed in a great Fire, 
and never comes out of it without ſome Diminution. 

Fire vitrrfies and calcines. It vitrifies Sand, and cal- 
cines real Earth or Soil. The Diverſity of theſe Opera- 
tions does not proceed from the Fire, whoſe Action is 
always the ſame, but from the Nature of the Matters on 
which it acts; and if we ſee it in the ſame Maſs of Mi- 
nerals oftentimes diſcharging the three Functions of Melt- 
ing, Calcining, and Vitrifying, it is becauſe it at once 
inds metallic Particles to melt, Sands to vitrify, and Earth 
to calcine, Fire produces nothing there, but it diſplays 
what was in it before, and will never cauſe Metal to be- 
come Earth, or Sand to turn into Aſhes, or Aſhes to be 
tranſmuted into Metal. Theſe Things may be united or 
ſeparated. One may predominate over the others; and 
the whole may flux and be carried away with the melted 
Metal. The Sand may envelope both Earth and Metal 
im a Vitrification that hides them: But each of them in- 
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variably keeps its own Nature; and if in 
alk 2 many chemical Operations ſome certain 
5 Matters become much heavier, by pal. 

ing through the Fire, it is not at all be. 
cauſe the Fire or the Air is converted into theſe Matters, 
but becauſe they incorporate with them Maſſes of Water 
or of Salt, and more particularly cily Juices, with which 
the Air and combuſtible Matters are impregnated. 

Fire itſelf, when it goes out (and this is the laſt of its 
Actions remaining to be explain'd) is then neither dead 
nor deſtroy'd. It ſcatters : It is diſperſed : It does no 
longer act as it did before, but is ſtil! what it was in 
all Reſpects. Have you a mind to extinguiſh it in a 
burning Log? You muſt abſorb that Fire by a Quantity 
of Water ſuperior to it. It is no longer in the Log ; but 
it wholly ſubſiſts in the Water, which it raiſes into a 
Fume. Would you extinguiſh it in a Charcoal-pit, where 
it burns the Wood abandon'd to its Fury under a Heap 
of Earth, and which it devours by the Aſſiſtance of a 
few Holes, through which it is ſupplied with Air, in 
order to renew it and keep it up conſtantly in the Wood ? 
You need only ſtop thoſe Holes, which deprives it of 
all Correſpondence with the Air. As ſoon as it is deſti- 
tute of the Company of that groſs Element that gave it 
Strength, and by the Denſity of which it violently ſhock'd 
the Texture of the Wood, it immediately penetrates the 
Maſs of Earth, that cover'd the Coals: It has no more 
Activity; becauſe it ſpreads and gets away without any 
Return. But it is in its Diſperſion the ſame it was when 
a continual Flow of freſh Air repels and nouriſhes it in 
one and the ſame Place. 

From all theſe Facts, Sir, which I have thus united 
before your Eyes, and from an infinite Number of others, 
which Experience will every Day afford you, reſults a 
Truth which I take to be capital in Phyſics, as well as 
in Moral Philoſophy ; viz. that God has placed between 
Man and all the Objects around him, ſuch an evident 
Relation of Uſefulneſs, and Appointment of Services ſo 
eaſy to be diſcern'd, that in the Heaven, as well as on 
the Earth, the View of Nature is perpetually pointing 
out to him the tender Regard and Affection of his Crea- 
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tor towards him. Every where between the Heaven and 
the Earth, betwcen the Light and the Atmoſphere, be- 
tween the Fire, or the othet Elements, and Man, we ob- 
ſerve the ſame Unity of Intention, and the ſame Cor- 
reſpondence, which we remark between our Appetite and 
our Food, between our Teeth, which grind and faſhion 
our Meats, and the Stomach that digeſts them.” Phyſics 
are then an admirable School of Piety; and all the 
Sciences of any particular Purport may become ſo many 
Informations to the Mind; ſince in the admirable Artifice 
of each individual Piece, there is nothing which we more 
evidently diſcern, than a conſtant Intention in the Crea- 
tor of being every way beneficial to us. 

Hitherto we have beſtow'd our Attention only on what 
ſhews itſelf apparently, and requires no great Penetra- 
tion to be apprehended and conceived. But this ſo uſe- 
ful and ſo affecting Science contains ſome other Particu- 
lars, the Diſcovery of which muſt needs have required a 
great deal of Time and Trouble. Inſtead of informing 
you of them in a ſcholaſtic Manner, and by abſtruſe Ar- 
guments, let us here borrow the Aſſiſtance and Charms 
of Hiſtory, Let us from Age to Age trace Men in all their 
ſeveral Wants, and the Works of great Men, in the En- 
deavours they have made to be of Service to Mankind. 
Let us, in a Series of hiſtorical Dialogues, examine firſt, 
what Experience has procured us, on the Certainty of 
which we may depend: and then what Benefit may be 
drawn from the Syſtems of Philoſophers. This Method 
of tudying Phyſics will be more agreeable to you: And 
1 think, whether to confine you to a didactic Order, 
or ſuit my Method to your Inclinations, is a Point eaſily 
determined. | 

The whole Survey of Nature has already convinced 
you, that all the Parts which compoſe it are the Work 
of a ſingle Intention, which created, united, fitted them, 
and made them relative and conducive to one and the 
ſame End. Let us now ſee in the Hiſtory of the Study 
which Man has made of them, how far the Progreſs is 
carried. Let us inrich ourſelves with his Labours. This 
Hiſtory, by informing us of many particular and practi- 
cal Truths, may facilitate to us the Clearing and Solu- 
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tion of an important Queſtion, viz. . Whether the Diſco. 
veries, made by Men in fix thouſand Years paſt, give u 
any Room to think, that we ſhall ever arrive at knoy. 
ing the Ground-work and Nature of what ſurrounds u, 
or, that God has granted us no more Light and Knoy: 
ledge than what is ſufficient to rule our Minds, and ſup. 
ply our Hands with proper Employment. 
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Experimental Phyſics. 


The Invention of the ZODIAC. [ \ 
DIALOGUE I. 1 
A 


TRONOMY, or that Part of Phyſics employ'd 

about regulating the Order of our Days by the In- 
ſpection of the Heavens, as being the moſt-neceſſary, was 
alſo the firſt cultivated. When Noah's Children had quit- 
ted the Rocks of the Gordyan, and begun to form a nu- 
merous Nation in the wide Plains of Shizar, the Neceflity 
of providing for their Food, and that of their Flocks and 
Herds, obliged them to ſeparate at ſome Diſtance from 
each other. But though they knew that God had deſign'd 
them to repeople the Earth, they obſtinately reſolved to 
keep all together; and leſt they ſhould be obliged to diſ- 
perſe, * to build a City, and a Tower fo very high, 
that it might be ſeen at a vaſt Diſtance, and ſerve as a Sig- 
nal to gather themſelves again together . From that Time 


* The HERRN w has it thus: © Let us make a Signal (Sura) leſt 
fe ſhould be diſperſed through every Region.” The Word (SHE M) has 
* TNue and qιẽiͤio, which in Gare ſignify © a Mark, a 
ien, or a Name,” But thoſe who tranilated it, (Let us make a 
Name, let us render our Name famous,” were forced to put AnTEQUA'M 
ſtead of (Px) Nx FoRTE, and to tranflate it in th:ſe Words: Be- 
fore we be ſeparated on all Sides.” Which does not agree with the original 
Text, nor exxreſs the Underiaking, which was direftly oppcfite to God's 
urpoſe, (viz.) to repeople all the Earth by the Family of No ax. 
; I 2 Neceſſity 
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the unavoidable Neceſſity of ordering the Affairs of Man- 
kind, and of ſettling the Times for the Operations of Huſ. 
bandry, obliged them to agree upon ſorae convenient Re. 
gulations, and a certain Method of meaſuring and calcu. 
lating of Time. They moſt naturally made ule of the pe- 
riodical Revolutions which they obſerved in the Heavens. 
The Return of the ſame Motions, and the Renewal of the 
ſame Phenomena were inſenſibly pitch'd on, as the moſt 
fit Terms to fix Expirations, or to mark out the Times of 
ploughing and ſowing, becauſe theſe Returns were recu- 
lar, and, beſides, obvious to every Eye. 

| The plaineſt Meaſure of Time they 
The Moon the could employ at firſt, was that which the 
eo * Moon offered them. By every Day 

WEED changing very ſenſibly the Place of both 
its Rifing and Setting, by varying its Form from Day 
to Day, and by beginning afterwards a new Order ef 
Changes, intirely like it, it at once became a public Rule, 
and aiforded them an ealy kind of Reckoning. They 
might date either from the New or the Full Moon, or 
from ſuch or ſuch a Quarter. They might join ſeveral 
Quarters» together, or as many complete Lunations as 
they thought fit. Thus, without the Help of Almanacks 
or Writing, every body could find in the Heavens aWarn- 
ing or Memento of what he had to do. All Families, 
however remote, gather'd together without Miſtake at 
the appointed Term; and inſtead of meaſuring Time ty 
a Number of Days, which their Reſemblance-might con- 
found, or the Series or Sequel of which, once loſt, could 
not be again found, they were exempted from all Incon- 
veniencies of that Kind, by referring the ſhort and long 
Durations to the Courſe of the Moon, which ſhew'd 
them from one Day to another, by a new Sign, what 
Time was already expired from the Beginning of one 
Term, and what remain'd till the following. 

Men, who lived in the firſt Ages of the World, affect- 
ed by the Conſideration of the twofold Service the Moon 
did them, by inlightening the Night, and by regulating 
the whole Community, conſecrated the Uſe they made 
of its Phaſes by a Holiday or Feaſt, which they ſolemn! 
zed at every time of its Renewal. The Neomenia ſerved 
in a plain and commodious Manner to regulate the * 

e xer- 
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Exerciſe of their Devotion. But if they regularly ga- 
ther'd together to make their Sacrifices, and in a friendly 
Manner viſit each other at the Return of every new 
Moon, that Worſhip and thoſe Holidays were no way 
elative to the Moon itſelf. God was the Obje& of 
them; and the Moon had no other Share therein, but 
that of putting Men in mind of celebrating them. 

The Stars had not as yet received the Names they no 
go by. Without taking Notice of the ſeveral Conſtella- 
tions under which the Moon is ſucceſſively placed with- 
in the Space of, its monthly Courſe, Men were contented 
with only determining its Progreſs, by the Variety of 
its Appearances ; and inſtead of imploying Calculations, 
as has been ſince done, to mark out the preciſe Inſtant 
of its having again overtaken the Sun, under which it 
had paſs'd nine and twenty Days before; the Aſtronomy 
of thoſe Times was contented with the bare Teſtimony of 
the Eyes, and they reckon'd the new Moon from the Day 
it could be perceived. It was in order more eaſily to diſ- 
cover this, that they aſſembled in high Places, or in De- 
ſarts remote from the Habitations of Men; that no Ob- 
ſtacle or any thing might ſcreen the Horizon from them. 
When the Creſcent had once been ſeen, they ſolemnized 
the Neomenia, or the Sacrifice of the new Moon, which 
was ſucceeded by a Repaſt, where all the Families chear- 
fully, and with Simplicity and Candor, eat what had been 
ofrer'd to God, and conſecrated by Prayer. When any 
notable Event occaſion'd the Inſtitution of ſome annual 
Feaſt, they very often join'd it to the Neomenia, which 
was the uſual Day of Aſſembly. The new Moons, 
which concurr'd with the Renewal of Seaſons, and to 
which our four Ember-weeks do ſtill correſpond, were the 
moit ſolemn of all. That Cuſtom of meeting together 
in high Places or in Deſarts, that of keeping the new Pha- 
lis, that of celebrating the Neomenza by a Sacrifice and by 
Prayers, in particular, the Solemnity of the new Moon, 
which concurr'd with the ſowing, or follow'd the intire 
gathering of the Fruits of the Earth ; finally, the Re- 
paſt and Songs, which came after the Sacrifice, are Ules, 
waich were, from this' common Source of Mankind, 
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handed down to all the Nations of the Univerſe, All 
theſe Cuſtoms we find again among the Hebrews a, the 
Egyptians b, and the Arabians e, from whom they, toge- 
ther with Mahometiſm, were deliver'd down to the Per- 
frans d, and the Turtse. The ſame Uſages were common 
to the Greeks f and the Romans g, to our Fore-fathers the 
Gaulsh, and to Nations which had no manner of Com- 
munication with each other: They were found again 
amongſt the Charybs, and ſome other American Na- 
tions 1, 

Scripture abounds with Facts, which evidently prove, 
that the Cuſtom of ſacrificing on high Places was eſta. 
bliſh'd among the Hebrews as well as other Nations, 
even before the Law, and that it even ſubſiſted in , 
rael ſince, and in ſpite of the Law, The Law itſelf 
teſtiſies its Antiquity, by forbidding it, as capable of 
impairing the Unity of the Worſhip. That of the 
Neomenia, as antient and univerſal as the other, was 
Preſerved and regulated by the Law. The Learned, 
obſerving between the Hebrews and the Heathens fo great 
a Reſemblance as to their Sacrifices, their reſorting to 


a The Requeſt, which the HE BREZWwS made to go and ſacrifice in 
the Deſart, did not ſurprife PHAR AoH : It was an univerſal Practice. 
As to the ligh Places, and the NrOMENIA, ſee 1 Reg. c. ix. and e. 
xx. &c. paſlim in tota Script. Hor ar Serm. L. 1. Satir, 9. tii- 
ceſſima Sabbata, the Feaſt of the thirtieth Day. It is the Nz omen, 
which comes again after twenty-nine Days, JEREM. xliv. 17. and 
BuxTore. Synagog. Judaic. c. 17. 

b Maimonid. Ductor Dubitantium, lib. 3. c. 46. 

e Hiſtor. Arabic. c. 11. and Hottinger. Hiſt. Orient. lib. x. c. 8. 

d Hacluit's Voyages, Vol. 2. pag. 399. 

e Anton. Geuffrzus de Turcar. Relig. lib. 2. p. 53. 

f Herodot. in the Life of Homer, Meurfius Græc. feriata, Voce 
vv n i a Samuel Petit. in leg. Attic. p. 35. 

g Macrob. Saturnal. lib. 1. cap. 15. Plutarch. lib. de vit. Em. & 
Horatii carm, I. 3. od. 23. | 

h Religion of the Gaus. In the antient Figures of the Ceremo- 
ny of the Miſletoe, the Druid wears a Half-moon ; becauſe it was 
at the NEzoMENIA the Ceremony was perform'd, 

| Abad. Geraldin, Itinerar, lib. 9. Huct, Demonſtr, Evange!- 
P. 84. 
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high Places, and their Neomeniæ, have inquired into the 
Cauſe of this Conformity, and been divided into two 
Opinions equally deviating from 'Truth, but one of which, 
though falſe, yet is of no dangerous Conſequence, where- 
as the other is extremely ſo. The firſt conſiſts in think- 
ing, that the Heathens took, both from Scripture and 
the Hebreaus, the greateſt Part of their Practices, even: o 
their Fables, which are, ſay they, no more than ſome 
Particulars of the ſacred Hiſtory alter d and diſguiſed. 
The other Opinion conſiſts in thinking, that the Hebrews 
received from the Egyptians and the Canaanites the whole 
Ground of their Law and Ceremonies, which tends to 
ruin Revelation, 'The firſt Opinion, though innocent, 
and very common, yet is unwarrantable ; ſince the Hea- 
thens became acquainted with the Books of the He- 
brews but very late, and that People, totally ſeparated 
from and unknown to other Nations, was on no Ac- 
count fit to ſerve them as a Pattern. The other Opi- 
nion is no leſs abſurd : fince the Law inſiſts, in the moſt 
particular Manner, on forbidding the Hebrezvs the Prac- 
tices of the Egypti ans, the Arabians, and the Canaanites, 
If the Hebrews and the Heathens agree together in the 
Practices of their Sacrifices, Purifications, and Libations, 
in their Inclination to gather together upon high Places, 
and in the Regularity of their Neomenia, we muſt con- 
feſs that the Hebrews are not indebted to the Heathens 
for theſe Cuſtoms, and that on the other Hand the 
Heathens did not borrow them from the Hebreaus; but 
that both the Hebrews and the Heathens had them from 
the remoteſt Antiquity, and from the common Source 
whence they all ſprung, I mean from the Family of 
Noah, when the whole was contain'd in the Plains of 
Chaldea, This Point of Reunion, equally plain and cer- 
tain, is the only way to unravel theſe Difficulties which 
divided the Learned. The Whole of Mankind, being 
gather'd round Babel, had already the Practice of the 
Sacrifices made before, and renew'd by Neah immedi- 
ately after the Flood. For want of Writing, what Means 
could be more natural and more public, to call together 
to the Sacrifice a Multitude of Families diſperſed, than 
the Sight of the Decline of the Moon, and the Return 
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of the New? It is even very likely, that the Sun, 
which before the Flood mark'd the Courſe and the 
Bounds of the Year, by the Diverſity of the Stars un- 
der which it paſs'd, did it, however, without leaving the 
Equator, and put no Difference between one Day and 
another Day, or one Seaſon and another. The Moon was 
then the moſt proper Means to mark out the Be. 
ginning and the Progreſs of Months: And Noah, when 
he fix d the religious Meetings at the Time of the Ne-- 
menia, did but renew what was practiſed before the 
Flood. So the Fathers of all Nations, having been 
long enough under the ſame Leader, in the ſame Place, 
united by the ſame Wants, the ſame Language, and the 
ſame Practices; it is the plaineſt Thing in the World to 
think, that the Cuſtom of meeting in high Places, and 
at the Return of the new Moon, the Offering of the 
Fruits of the Earth, the Sacrifices, the common Repails 
and the Songs, are all Cuſtoms which have with them 
paſſed through all the Earth. This is what they have 
conſtantly preſerved ever ſince their Diſperſion ; and in 
every other Thing, they conſtantly proceed with mak- 
irg themſelves diſtinguiſh'd from each other. You are 
ſenſible, how this Agreement of all Nations in the religious 
Cuſtoms, which ſuited the firſt Ages, and their infinite 
Variations in all the reſt, concur to teſtify the Truth of 
Maſes's Narration, and the perfect Knowledge he had 
of the Origin of Things. 

Aſtronomy, in its Birth, had the Glory of regulating 
the firſt Form of public Worſhip. It was ever fince 
ſtrictly united with Religion, to which, it from Age to 
Age render'd new Services in the Courſe of its Progreſs; 
and Aſtronomy degenerated into Impertinence, or into 
Superſtitions, only when Religion was perverted. 

The Invention of , After the Introduction, or if you pleaſe, 
he Toalies. the Reſtitution of the Neomeniz, by the 
Obſervation of the firſt Phaſis of the 

Moon, they applied themſelves to the fixing of the Þe- 
ginning and End of the Year, by which they had, Time 
out of Mind, taken care to meaſure the Life of Man, 
and to mark the Diſtances of notable Events. If the 
Meteors and the Variety of the Seaſons were not, any 
more 
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more than the Rainbow, known till after the Havock 
made by the Flood, the Succeſſion of Years became but 
the more ſenſible ſince that great Change. It was an 
eaſy matter for Men to reckon how many Harveſts they 
had got in; and in the poetical Style, ſuch a Number 
of Springs or Summers are commonly underitood by ſo 
many Years. But ſomething more than this was want- 
ing, and Neceflity brought Aſtronomy one Step for- 
warder. 

Twelve Lunations one upon another, that is, twelve 
Revolutions of the Moon ſucceſſively, departing from 
and drawing again near the Sun, were rot ſufflcient to 
bring out the whole Courſe of a Year ; and the Dura- 
tion of thirteen Lunations excce ied the Year : For twelve 
times 29 Days are only 348, and thi:teen times 29, are 
377 Days; whereas the Year is only 36; Days and a 
tew Hours. The ſeveral Revolutiors which the Moon 
makes in the Heavens, by ſucceſſively paſſing and re- 
paſſing from Month to Month under certain Stars, be- 
ing then not exactly contain'd a certain Number of 
11mes in that which the Sun makes by paſſing pretty 
nearly under the ſame Stars, it was not poſſible to de- 
termine-the Beginning and the End of the Year by an 
exact Number of Lunar Revolutions. They were then 
obliged, in order to know the preciſe Bounds of the an- 
nual Courſe of the Sun, carefully to examine, what Stars 
vere ſucceſſively obſcured or drown'd by the paſſing of 
that Globe, and what Stars, beginning to clear themſelves 
from its Rays by reaſon of its Remoteneſs, ſhew'd them- 
icives again before the Dawn of Day. 

They might, 'tis true, have reſumed the Method of 
Calculation, which was in Uſe before the Food“: But 
it would have been inſufficient upon many Accounts. 
For, trough the Sun did perhaps ſtill paſs under the 
lame Stars as before; its Fires, whoſe Influence was 
even and uniform before the Flood, had ever ſince 
been ſome imes briſker, ſometimes fainter. The Sun it- 
ſelf ſeem'd to change the Points of its Riſing and Setting. 
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It aſcended its Meridian much higher at one ] une than 
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at another, 'Theſe Novelties required new Obſervations; 
and they endeavour'd, not indeed to underſtand the Struc- 
ture of the World, or the Reaſon of all theſe great Ef- 
fects, but in the Heavens to ſhew Men ſome preciſe 
Marks of the Progreſs of the Year, and ſome ſure Me- 
thods of regulating the Times of their Works. They 
obtained both theſe uſeful Points : The firſt, by making 
themſelves Maſters of the certain Knowledge of the Stars 
under which the Sun paſſes, and which are in his way 
from the Moment he goes from any firit Star taken at 
Diſcretion, to the Inſtant of his coming again under 
the ſame. Secondly, By giving theſe Stars ſuch Names 
as might characterize what was peculiar to every Part 
of the Year, or what was actually done upon Earth, when 
the Sun was under ſuch or ſuch Stars. Aſtronomy, by 
this twofold Caution, was from its Beginning a popular 
Science, and it made Heaven a Book always open, to 
which Mankind might come for Information, 

Antient Tradition has handed down 
The Diviſon to us the ingenious Method which the 


of the Zodiae. firſt Men made uſe of to know exactly 


the Line which the Sun deſcribes under 
the Heavens in the perpetual Changings of its Place, 
and to divide the Year into equal Portions. This Tra- 
dition is found again in two antient Authors, the one 
Roman, the other Greet t. The firſt attributes it to the 
£eyptians; the other, and more juſtly, to the firſt Inha- 
bitants of 'Chaldea, who are the Fathers of Aſtronomy, 
as well as of all Mankind. 

They every Day ſaw the Sun and the whole Hea- 
ven turning and paſſing from Eaſt ty Weſt. In the 
mean time they obſerved, that the Sun, by a Motion 
peculiar to it, from Day to Day receded from ſome 
certain Stars, and took its Place under others, always 
advancing towards the Eaſt. Whilſt the Moon was mak: 
ing twelve times that Revolution, the Sun made it on- 
ly once. But ihe began the thirteenth again, before the 
Sun had as yet compleated its own. . The Habit of di- 


#* Macroh, in ſomn. Sci p. J. 1. e. 21. 
Sext. Empirie, lib. 5. adverſus Mathemat, 
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viding the Year into pretty near twelve Lunations, made 
them wiſh, that they had twelve Diviſions of a Year 
perfectly equal, or twelve Months which might be exact- 
ly equivalent to the Year itſelf, and which might, as it 
were, be pointed at with one's Finger in the Heavens, 
by ſhewing ſome certain Stars under which the Sun 
paſſes during every one of theſe Months. Here is then 
the Method in which they divided the Courſe of the 
Sun in twelve equal Portions or Collections of Stars, 
which are call'd 4/eri/ms or Conſtellations. Our Cha/- 
dcans took a couple of braſs open Veſſels, the one pierc- 
ed at the Bottom, and the other without any Orifice be- 
low. Having ſtop'd the Hole of the firſt, they fill'd it 
with Water, and placed it ſo as that the Water might 
run out into the other Veſſel, the Moment the Cock 
ſhould be open'd. This done, they obſerved in that 
Part of the Heaven, where the Sun has its annual Courſe, 
the Riſing of a Star, remarkable either for its Magni- 
tude or Brightneſs ; and at the critical Inſtant it appear- 
ed on the Horizon, they began to let the Water flow 
out of the upper Veſſel into the other during the reſt 
of the Night, and the whole following Day, to the ve- 
ry Moment when the ſame Star, being come to the Eaſt 
again, began to appear anew on the Horizon. The In- 
{tant it was again ſeen, they took away the under-veſſel, 
ana threw the Water that remain'd in the other on the 
Ground. The Obſervers were thus ſure of having one 
Revolution of the whole Heaven, between the firit Ri- 
ling of the Star and its Return. The Water, which 
had flow'd during that Time, might then afford them 
a Means of meaſuring the Duration of one whole Re- 
volution of the Heaven, and of dividing that Duration 
into ſeveral equal Portions ; fince by dividing that Wa- 
ter itſelf into twelve equal Parts, they were ſure of hav- 
ing the Revolution of a twelfth Part of the Heaven dur- 
ing the Efflux of a twelfth Part of the Water: They 
then divided the Water of the Under-veſlſel into twelve 
Parts perfectly equal, and prepared two other {mall Veſ. 
tels capable of containing exactly one of thoſe Portions 
and no niore. They again pour'd into the great Up- 
per-veſſel, the twelve Parts of Water all at once, keep- 
1 6 ing 
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Ing the Veſſels ſhut. Then they placed under the Cock; 
ſtill ſhut, one of the two ſmall Veſtels, and another near it 
to ſucceed the firit, as ſoon as it ſhould be full. 

All theſe Preparations being ready, they the next Night 
obſerved that Part of the Heaven towards which they had 
for a long while remark'd that the Sun, the Moon, and the 
Planets. took their Courſes, and ſtaid for the Riſing of 
the Conſtellation, which is ſince call'd Aries. The Greeks, 
Perhaps, gave that Name to ſome Stars different from 
thoſe which went by it before the Flood: Bat this Inquiry 
is not neccfiary at preſent. The Inſtant Aries appear d, 
and they ſaw the firſt Star of it aſcending, they let the 
Water run into the litile Meaſure. As ſoon as it was full, 
they removed it, and threw the Water out. In the mean 
time they put the other empty Meature under the Fall, 
They obſerved exactly, and ſo as to remember very well, 
all the Stars that roſe during all the Periods which the 
Meaſure took in filling; and that Part of the Heaven was 
terminated in their Obſervation by the Star which appear- 
ed the laſt on the Horizon, the Moment the Meaſure was 
Juſt full; ſo that by giving the two little Veſſels the Time 
neceſiary to be alternately fill'd to the Brim three times 
each curing the Night, they had by that Means one Half 
of the Courſe of the Sun in the Heaven, that is, one Half 
of the Heaven itſelf; and that Half again was divided in- 
to ſix equal Portions, of which they might ſhew and di— 
ſtinguiſh the Beginning, the Middle, and the End, by 
Stars, which from their Size, Number, or Order, were 
Tender'd diſtinguiſhable. As to the other Half of the Hea- 
ven, and the {1x other Conſtellations which the Sun runs 
over therein, they were forced to defer the Obſervation of 
them to another Seaſon, They ſtood till the Sun, being 
placed in the Aiddle of the now known and obſerved 
Conſtellations, ſhould leave them at Liberty to ſee the 
cthers Curing the Nicht. 

Doubtleſs tome Precautions are neceſſary, not to miſ- 
take as to the Fall of the Water, which muſt flow more 
{ſlowly in Proportion as its Maſs is leſs high. However, 
after having by this, or ſome ſuch Means, made themſelves 
ſure of the great annual Couric, which the Sun faithfully 
follows in the Ieavens, and of the Equality of the ”_ 
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ki1'd by the twelve Collections of Stars that limit that 
Courſe, the Obſervers thought of giving them Names. 
They in general call'd them the Stations or the Houſes of 
the Sun, and aſſign'd three of them to each Seaſon. They 
then gave each Conſtellation a peculiar Name, whole 
Property did not only conſiſt in making it known again 
to all Nations, but in declaring at the ſame Time the 
Circumſtance of the Year (which was of Concern to Man- 
kind) when the Sun ſhould arrive at that Conſtellation, 

Formerly, Sir, I obſerved to you (but this is the pro- 
per Place to remember you of it) that the Names, by 
which the twelve Aſteriſms of the great and annual Circle 
actually go, had been taken from the moſt important 
Events, that happen either in the Heavens or on the 
Yarth, as the Sun ſucceſſively takes Place under every one 
of them. 

By a particular Care of Providence, the Dams of the 
Flocks commonly happen to be pregnant about the End 
of Autumn. They bring fourth during the Winter, and 
in the Beginning of the Spring. Whence it happens that 
the young ones are kept warm under the Mother during 
the Cold, and afte:wards eaſily thrive and grow active 
at the Return of Heat. The Lambs come the firſt; the 
Calves follow them, and the Kids fall the laſt. By this 
Means the Lambs, grown vigorous and ſtrong, may follow 
the Ram to the Fields as the fine Days come on. Soon 
after the Calves, and at laſt the Kids venture abroad, and 
by increaſing the Flock begin to augment the Revenues 
of their Maſter. 

Our Cha/d:an Obſervers, ſeeing that 
there were, during the Spring, no Pro- The Conſtella- 
ductions more uſeſul than Lambs, Calves, 3 of the 
and Kids, gave the Conſtellations, under e 
which the Sun paſſes during that Seaſon, the Names of 
the three Animals which inrich Mankind moſt. The firſt 
was named Aries, the ſecond Taurus, the third the taro 
Ide ( Gemini ) the better to characterize the Fecundity 
of Goats, which more commonly bring fourth two young 
ones than one, and an Abundance of Milk more than ſuf- 
iicient to nouriſh them, 


The 
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Tho Bulk of Mankind, united in the 
The Conſtella- Plains of Irak, had already very often 
2 of the remark'd, that there was a Point to which 
— the Sun raiſed itſelf in its coming towards 
them, but which it never exceeded; and that it afterwards 
ſunk daily, in receding from them for ſix Months toge- 
ther; till it arrived at another Point a great Way under 
the firſt, but below which it never deſcended, This 
Retreat of the Sun, made very ſlowly, and always back- 
ward, gave the Obſervers the Occaſion of diſtinguiſhing 
the Stars, which follow the two Kids, or Gemini, by the 
Name of the Animal that walks backward ; wiz. the 
Crab. When the Sun paſſes under the next Conſtellation, 
it makes our Climate feel ſultry Heats, but chiefly the 
Climates where Men were at that Time all gather'd to- 
w_ When Poets attribute to that Conſtellation the 
ierceneſs “ and Raging of the Lion, of which it bears 
the Name, it is very eaſy to gueſs at what might deter. 
mine that Choice from the Beginning. Soon after, the 
houſing of the Hay and the Corn is intirely over through- 
out the Eaſt. There remain on the Ground only a few Ears 
ſcatter'd here and there, which they cauſed to be glean'd 
by the leaſt neceflary Hand. This Work is left to the 
youngeſt Girls. How then could they repreſent the Con- 
ſtellation under which the Sun ſees no longer any Crops on 
the Ground, better than by the Name and Figure of a 
young Maid gleaning? The Wings you ſee her have in the 
Spheres are Ornaments added of later Date, after the In- 
troduction of Fables. The Virgin, which follows the 
Lion, is certainly no other than a gleaning Girl, or, if 
you will, a Reaper; and leſt we ſhould miſtake her 
Functions, ſhe beſides has in her Hand a Cluſter of 
Ears : A very natural Proof of the Origin I here attribute 
to her. 
The perfect Equality of Days and 
The Conſtella - Nights, which happens when the Sun 
tions of Au- quits the Sign of Virgo, cauſed Aſtrono- 
SN mers to give the next Sign the Name of 
Libra, that is, of a Balance. The frequent Diſeaſes which 


*Furit & ſtella veſani leonis. Horat, Carm. I. 3. od. 29. 
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the Sun leaves behind him, or cauſes by his retiring, pro- 
cured the next Sign the Name of Scorpio; becauſe it is 
miſchievous, and drags after it a Sting and Venom. To- 
wards the End of Autumn, the Fall of the Leaf expoſes 
wild Beaſts, leaving them leſs covering: Vintage and 
Harveſt are over: The Fields are free, and it is of ill 
Conſequence to ſuffer the Propagation of Beaſts at the 
Approach of Winter. Every 'Thing then invites us to 
hunt, and the Sign, in which the Sun is at that Time, has 
from thence obtain'd the Name of Sagittarius ; that is, 
the Archer or Huntſman. 4 8 

What is the proper and diſtinctive Cha- 
racer of the wild Goat, or Capricorn, of N > ne, Bb 
which the firſt Sign in Winter bas the ter. 
Name? It is to look for its Food, getting 
from the Foot of the Mountains to the higheſt Summit, 
and always climbing from Rock to Rock *. 


Des que les Chewvres ont broute, 
Certain eſprit de liberté 
Leur fait chercher fortune: Elles vont en voyage 
Vers les endroits du paturage 
Les moins frequentes aes humains. 
La, vil eft quelque lieu ſans route & ſans chemins, 
Un rocher, quelque mont pendant en precipice, 
Elles y vont promener leurs caprices 
Rien ne peut arreter cet animal grimpant. 


La Fontaine; 


The Name of Capricorn was then fit to inform Men 
of the Time when the Sun, having reach'd the loweſt 
Verge of its Courſe, was ready to begin to aſcend again 
towards the higheſt, and to continue to do ſo for fix 
Months together. This is quite the Reverſe of the Crab 
(Cancer); and the happy Concurrence of the oppoſite 
Characters of theſe two Animals, is a Proof of what 


* Capricornus ex infernis partibus ad ſupra ſolem reducens, capræ na- 
turam videtur imitari, quæ dum paſcitur ab imis partibus ſemper pro- 
muinentium fcoy ulorum alta depoſcit. Maerob. Saturnal. I. 1. c. 21- 
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directed the firſt Obſervers in the Impoſition of all theſe 


Names“. 

Aquarius and Piſces without any Difficulty mark ont the 
rainy Seaſon, and the Time of the Year when Fiſhes, fat. 
ter and nicer than in any other 'Time, bring on again the 
Profit and Pleaſures of Fiſhing. 

It may be remark'd, that of the twelve Conſtellations, 
there are ten, the Names of which are borrow'd from ſe. 
veral Animals; which cauſed Aſtronomers to give the 
annual Circle, which they compoſe, the Name of Zed ac. 
It is as much as if you ſhould ſay, the Circle of Animals. 

By this very plain Induſtry, Men acquired a new Me. 
thod of meaſuring Time, and of regulating all their 
Works. They already knew, without any 'Trouble or 
Care, how to regulate the Order of their Feaſts and com- 
mon Buſineſs, by Inſpection only of the Phaſes of the 
Moon. From the Knowledge of the Zodiac, they ob- 
tain'd an exact Knowledge of the Vear: The Conttella- 
tions became to them is many very ſignificant Signs, 
which, both by their Names and reſpective Situations, 
inform'd them of the Order of their Harveſts, and of th 
Cautions they were to take, in order to bring them 5 
openly and daily ſhewing them, how long they were to 
ſtay for them ; the People were neither obliged to call 
up the Days, or mark out the Order of "Times to regu- 
late themſelves. Twelve Words applied to twelve dif- 
ferent Parts of the Heaven, which every Night revolved 
before their Eyes, were to them a Part of Knowledge no 
leſs convenient and advantageous, than eaſy to be ac- 
quired, When Men, after the Setting of the Sun, {aw 
the Stars of the Sign Aries aſcend the oppoſite Horizon, 

and diſtant from the Sun by one Half of the Heaven, they 
nn knew that the Sun was under the Sign Libra, which 
being the ſeventh of the celeſtial Signs, was diſtant from 
the firft by one whole Half of the Zodiac. When at the 
Approach of Day they ſaw in the Middle of the Heaven, 


Ideo autem his ducbus ſignis, quæ port ſolis vocantur, cancro & 
eapricoino, hac nomina contigerunt, quod Cancer animal zetro atque 
oblique adit; cadem que ratione fol in eo ſigno ob/iquum (ut ſolet) in- 
Cij it agere r*irogreilum. Capri vero conſuetudo bac in paſſu videtur, 
ut ſenifer altum paſcendo jetat: ſel & ſol in n coxno incipit ab 
imis in alta remeare. Satuinal, I. i. c. 17. 4 
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and at an equal Diſtance from Eaſt and Weſt, the fineſt 
Star of the Sign Leo, they eaſily underſtood, that the Sun, 
then ready to riſe, was at the Diſtance of three Signs from 
Leo, and removed towards the Eaſt one quarter Part of 
its Circle. Thus, without ſeeing the Stars which the 
Sun drown'd by its Brightneſs as he came under them, 
they ſaid with a perfect Aſſurance, the Sun is now in Scorpio; 
two Months hence we ſhall have the ſhorteſt Day. They 
could, on fight of a ſingle Conſtellation, placed in the 
Eaſtern, or Middle or Weſtern Part of the Heaven, im- 
mediately ſay where the Sun was, how far the Year was 
advanced, and what kind of Work it was fit they ſhould 
buſy themſelves about. After this Manner Shepherds and 
Farmers ſtill-regulate their & orks; and if we at preſent 
are now ignorant of the Names of the Stars, if we are not 
able to determine the Diftance between one Conſtellation 
ſewn us, and the actual Place of the Sun, it is becauſe 
we can read and write. The firſt Men peruſed the Hea- 
vens for wand of Writing; and it is on account of the 
Conveniency of Writing, that the Generality of Men now 
diſpenſe with looking among the Stars, for the Knowledge 
of the Operations and Order of the Year. But Writing 
itſclf, that ſo uſeful Invention, is one of the Products of 
Aſtronomy ; and it may be eaſily ſhewn you alſo, that 
the Names given the twelve celeſtial Signs, gave Birth to 
the Invention both of Painting and Writing. This Hi- 
ſtory promiſes you a very agreeable Novelty, and it will 
continue to inform you of the Helps, for which we are 
indebted to the Study of Nature. 

It ſeems that Painting was known before 
Writing. Aſtronomy gave Birth to Paint- 
ing: They both afterwards concurr'd to 
cauſe the Art of Writing to be invented. Eight of the 
Figures of the Zodiac have ſo evident an Analogy with 
the Animals or Obje&s of which they have the Names, 
that we cannot doubt, but that they are Pictures of them. 
The firſt A is a Sketch of the Horns of the Ram (Aries). 
The ſecond B viſibly is the fore Part of a Bull's Head. 
The third C.is the Union of the two Heads of Kids. The 
ſeventh G is nothing but the Beam of a Balance. The 
eight H is a ſlight sketch of the Paws, the long Tail and 
the Sting of a Scorpion. The ninth I is the Arrow _ 
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of the Archer or Hunter, whoſe Name it goes by. The 
eleventh L is the Expreſhon of a Current of Water; and 
the twelfth M that of two Fiſhes ſet Back to Back. Theſe 
other four D, E, F, K, reſembling their reſpeQive Ob- 
jects at firſt, have been alter'd in Time, for the Conve- 
nience of Abbreviation. 

I dare not preſume to affirm, that theſe current Abbre- 
viations are of the greateſt Antiquity : But the intire Fi- 
yo of the celeſtial Signs being frequently found in the 

onuments of the Egyptians, which are known to be of 
a Date but little diſtant from that of the Flood, we may 
thence judge of the Antiquity of the Zodiac, and of the 
Repreſentation which was made of it for regulating the 
People. This Painting was the Foundation of the Art of 
Writing; ſince by ſhewing ſomething to the Eye, it gave 
the Mind ſomething more to underſtand. This convenient 
Invention got Ground by degrees. The Egyptian Tot 
imagined ſome other Symbols, relative to the Wants and 
3 Productions of Egypt. For Inſtance, the Sym- 

ol of the Sun, which regulates the Courſe of Nature, 
was a Man arm'd with a Whip like a Coachman, or 
adorn'd with a Scepter like a King, and that Figure was 
call'd Ofiris*, that is, the Leader, the Inſpector, or the, 
King. The Earth, which produces every Thing, and 
inceſſantly varies its Productions, was repreſented under 
the Symbol of a teeming Woman, whoſe Attributes were 
varied according to the Feaſts or Works they had a Mind 
to proclaim ; and the Name of this Figure was It, that 
is, the Woman, or Queen. The Creſcent, which was 
the Mark of the Neomenia, or the Aſſembly of the People, 
being put on her Head with ſuch or ſuch another Attri- 
bute, might mark out the Aſſembly of this or that Seaſon. 
The bright Star of the Dog, which begins to appear in 
the Morning before Dawn, and to diſengage itſelf from 
the Rays of the Sun, when it enters the Sign Leo, was the 
infallible Mark of the Time when the Nite was to over- 
flow. It warn'd the Egyptians to retire immediately to 
the higher Grounds, to lay in their Stores of Victuals, 
and to avoid all Surprize. It perform'd for them the Of- 
fice of that Animal, who warns his Maſter of the Ap- 


® Plutarc, de I6d, & Of. 


proach | 


Of the ZODIAC. 187 


proach of Thives. Wherefore it was repreſented under 
the Figure of a Dog, or of an human Body, having a 
Dog's Head, with Wings on its Feet, and a Kettle on 
the Arm. This was a Language eaſy to be underſtood 
by all. In order to point out to hem the Repoſe and 
State of Inaction they would be in, during their Retreat, 
and the Inundation, which was to laſt almoſt all the Time 
that the Sun ſhould be under the Signs Leo and Virgo; 
they placed on the Edges of Terraces the Figure of the 
Sphinx, made up of a female Face, and the Body of a 
Lion couching and inactive. The firſt and great Con- 
cern of the Egyptians was, to know the Return and Du- 
ration of the Eteſian Wind, which collected the Vapours 
in Albiopia, and cauſed the Inundation, by blowing from 
North to South towards the End of the Spring“. Their 
n2xt was to know the Return of the South Wind, which 
help'd on the flowing of the Waters towards the Medi ter- 
rancan. But how Rould they repreſent the Wind? In 
order to this, they choſe ie Figure of a Bird f. The 
Hawk, which ſpreads his Wings, looking to the South, 
to renew his Feathers the Return of the Heats, was 
made the Symbol of th Ezefan Wind, which blows from 
North to South: Ana the Whoop, which comes from 
Ethiopia, to find Worms in the Slime after the Draining 
of the Waters of the Mile, was made the Symbol of the 
South Winds neceſſary to the EMux of the Waters. Theſe 
few Examples may give you a Notion of the ſymbolical 
Writing of the Egyptians. It is peculiar to them, from 
the extenfive Uſe they made of it, But the Invention of 
the Zodiac, which occaſion'd it, is more antient than the 
Egyptian Colony, and comes from the Plains of Shinar : 
For, had the Egyptians been the firſt Authors of the Names 
of the celeſtial Signs, they would not have placed the Fi- 
gure of a young . Maid after the Sign Leo, for a 
Mark of the Harveſt, which is indeed finiſh'd at that 
Time in other places, but is ſtill at a very great Diſtance 
in Egypt. All then being under Water, they are "_ 
to defer Sowing till towards the latter End of November, 


that they may in March or April get in their Corn, which 
is thus but four Months a ripening. 


* Plutare, de Iſd, & Ofir, tos XXIiz. 29. 
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This ſymbolical Writing, the firſt Product of Aftro- 
nomy, was made uſe of to inform the People of all ne- 
ceſſary Truths, Advices, and Works. But it became 
troubleſome, by the Multiplicity of the Figures and At- 
tributes, inc eaſing in proportion to the Number of Ob. 
jects; an Inconvenience ſtill found in the Chine/e Writing, 
where each individual Thing has its peculiar Symbol, A 
happy Genius, whoſe Name has not been deliver'd down 
to us by Hiſtory, and which, as he lived before Moſes, 1; 
very different from Cadmus, to whom the Greeks aſcribe 
the Honour of this Invention, obſerved, that the Sounds 
and the Articulations of the Voice, with which we may 
exprels every Thing, are not very many; and bethought 
himſelf of repreſenting theſe Sounds and Articulations by 
ſo many Characters, which are not above four and 
twenty. 

That Writing, which, by repreſenting the Sounds of 
the Voice, is able to expreſs all the Thaughts and Ob- 
jects that can be deſign'd by thoſe Sounds, appear'd fo 
very plain and fruitful, that it made its Way immediately. 
It ſpread every where: It became the current Writing, 
and cauſed the Symbolical, the Uſe of which was gra- 
dual y loſt among Men, to be neglected ; ſo that in Time 
the very Meaning of it was intirely forgot. 

But many Symbols, conſecrated by antient Cuſtom, 
being very often exhibited to the View of the People in 
publick Monuments, in Places of religious Meetings, and 
in the Ceremonials of Feaſts which never alter d, the 
People ſtapidly gave their whole Attention to the Figures 
they ſaw; and going no farther than the mere Symbol 
itſelf, of Courſe overlook'd the Senſe of it. They took 
the Man, dreſs'd like a King, for a Man that ruled the 
Heaven, or that reign'd in the Sun; the ſymbolical Wo- 
man for a real one, and the figurative Animals for the 
Animals themſelves. They knew indeed, but in a con- 
fuſed Manner, that theſe Figures related to the Sun, the 
Winds, the Seatons, and the ſeveral Parts of the Heaven: 
But in order to account for all theſe Repreſentations of 
Men and Women, of the ſeveral Habits and Inſtruments, 
they hiſtorically interpreted the whole. They took theſe 
Emblems for ſo many Monuments of what had happen'd 
to the Founders of the Zgyptian Colony. The . or 
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Oſiris, which fignified the Sun, was miſtaken for CI am 
or Ammon, their common Father; and the latter lodged 
in the Sun, was miſtaken for a favourable and beneficial 
Power, which after his Death, and his Tranſportation 
into the Sun, watch'd over Egypt, and had a moſt parti- 
cular Affection for it. He was call'd God, Fowe, the 
God Ammon, the King, the Governor of the World. Thus 
the Notions of a God, of the Sun, and of a dead Man, 
were confounded with one another. %s, with all her 
Attributes, was taken for 4-mon's Wife, and became the 
Queen of Heaven. The other celeſtial Signs ſerved them 
as Attendants. Such is the Origin of the King, Queen, 
and Hoſt. of the Heaven, the Worſhip of which is ſo often 
given as a Reproach to the //-ae/ztes in Scripture, But as 
the Egyptians could not clear antient Hiſtory by the At- 
tributes of theſe Figures, which had certainly no manner 
of Relation thereto, they deviſed Facts and Hiſtories, to 
account for the Attributes themſelves. We are here touch- 
ing on the Origin of Idolatry ; it would be an eaſy Mat- 
ter to ſhew you that the Feaſts of the Ery/tiars thus per- 
verted, but every where admir d on account of their 
Pomp, and of the AMuence and Plenty Egypt then en- 
joy'd, were communicated from one Country to another, 
and thus gave Birth to Fables, Metamorphoſes, and a Mul- 
tiplicity of Deities, by the bare Change of Names, or 
Decorations. You will again find the Ofiris and Is of 
the Feyprians, in the Adonis; and Venus of the Phanicians, 
in the Cybele and Atys of the Phrygians. Each Nation 
afterwards imagined they had found their deified Founders 
in theſe Symbols, which varied from one Country to ano» 
ther: This gave Birth to that monſtrous and inconſiſtent 
Medley of Truths and Extravagancies, which are found 
in the Fables of Paganiſm. By what has been ſaid you 
mult already have diſcover'd, that the Entrance of Cris 
and %s in Aries, Taurus, and the other celeſtial Animals, 
groſly miſtaken for what they literally ſigniſied, gave 
Birth to the Worſhip of Animals in Egype, and to that 
wretche. Doctrine of the Metemp/ycheſir. When they had 
a Mind to ſet out on a Journey, or to begin to plough, 
Sc. the Cuſtom was firſt to conſult the Birds; you pre- 
ſently underſtand, that by this is meant conſulting the 
Winds, Theſe ſymbolical Birds being gradually ye 
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for real ones, which had the Power of foretelling future 
Events, the Birds themſelves were moſt earneſtly and re- 
ligiouſly conſulted. judge what Anſwers could be had 
from them. The whole antient Ritual, which was ſym- 
bolical, having been literally taken, the World was fill'd 
with Errors, Idolatry, and Superſtitions. I ſhall here enter 
upon a Subject infinitely ingaging, and offer to you the 
Means of accounting, in the plaineſt Manner, why Ido. 
latry, Superſtitions, and Fables have always united three 
13 Characters; the one, of having Relation to the 

eaven and the Stars; the other, of having Connections 
with Names and Facts, drawn partly from ſacred partly 
from profane Hiſtory; and the third, of every where 
offering us a few Remains of Truths, blended with a 
horrid Mixture of Notions infinitely abſurd. But we 
could never engage in the Origin of Idolatry, and of the 
Extravagance of Divinations, or of Aſtrology, without 
deviating from the View of Nature, and from the Hiſtory 
of the Sudy made of it. Let us go on with conſidering 
its Progreſs. I ſhall perhaps try, in a ſele& Treatiſe, to 
ſatisfy you concerning the Origin of the poetical Heaven, 
on the Falſity of the Chaos, which has ſeduced Philoſo- 

hers as well as Poets; and finally, on the perfect Agree- 
— of Experience with the Phyſics of Moſes *. 


* You will find this Subjekt treated at large in @ Book intitled, Tg 
Hisrox x os TuR Heaven, 
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1 | N the Hiſtory I gave you of the firſt Informations 
Mankind received concerning Aſtronomy, Phyſics, and 
uſbandry, I at the ſame time, my dear Chevalier, hinted 
t the Source and Beginning of thoſe enormous Miſtakes, 
boch the forgetting of theſe Informations had occaſion'd. 
ithout tracing Idolatry through all its Branches, I think 
have ſhewn you, by a ſufficient Number of Circum- 
ces, the Concurrence of which cannot be an Effect of 
| hance, that the Figure of Men, Women, and Animals, 
Which are delineated in antient Writing, and which re- 
ated to the various Feaſts and Operations of the Year, 
ave through Ignorance been changed into ſo many ce- 
eſtial, terreſtrial, and infernal Powers. The little I told 
ou of this is ſufficient to make you obſerve, in the Va- 
lety of the ſymbolical Figures, and of the repreſentative 
eremonies annex'd to them, the Origin and Explanation 
the monſtrous Deities whom our Forefathers — 
= an 
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and of the no leſs monſtrous Opinions, which from Age 
to Age, even to our own, have inſlaved the Minds cf 
Men, weaken'd true Piety, and led the learned aſtray in 
their Study of Nature. But though the greateſt Philoſo. 
phers diſhunour'd themſelves, either by their Affection for 
Idolatry, or by their Prejudice in favour of judicial Aſtro. 
'ogy, or even by their Irreligion; we have ſufficiently 
expoſed their Failings. Ler us now turn our Eyes from 
theſe, to ſce the Good only that was in them and the Le. 
gacies they have lett us. From the Hiltory of their Mif. 
takes, on Wh.ch I ſhall in another Place, and more at 
Leiivre, be very particular, let us return to that of their 


Induſtry. 


The Exigencies of Huſbandry, which 


The Diſcovery 
of che wo Uiſe, 
and of the Polar 
Star. 


veying of Land, 


was no longer the ſame as before the 
Flood, firſt diverted the Attentionof Men 
to the new Courle of the Sun, and made 
them invent the Zodiac, Wiiting, Sur. 
Hunting of wild Beaſts, and the Method 


of regulating the public Order of their beaſts and La- 
bours Ine Ex gencies of Trade, of Tranſportat ons, 
and of Nav pation, cauted Men afterwards to find out in 
the Fcaven, che Situation and Motions of both the Bears, 
They faw moſt of the Stars aſcending the Horizon as 
well as the Sun, then riſing up obliquely, and, like him, 
approach the Ice where it 


towards the 


vel 


L 
Ly, 


appears at Noon; then draw 
ard hide themſelves under the Earth, 


Eut Navigatois obierved. that there were ſome Stars which 
never let, and which cvery Night, in far Weather, were 
{cen on that S.de where the Sun never appears: Or in 
other Words, on their Lett Side, when their Eyes were 
turn'd towards the Eaſt. They did not long heſitate on 
the Uſe they might make of the Stars winch always 
ſew'd them the lame Hide of the World; and when foul 
W-:ather put them out of their Way, and turn'd the Head 
of their Veſtel towards ithe.e Stars, which they had before 
on their Side. they naturally iteer'd ſo as to place the Ship 
in its firſt Situation, with regard to theſe conſtant Stats, 
The Immobility of that Part of the Heaven became ths 
Rule and Security of Navigators. T. eſe Stars, by ap- 
pearing again, indicated to them their Courſe, and as 
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vere ſpoke to them, This important Sin- . 
gularity taught them a more exact Study The Origin of 


of the Conſtellations of that Part of the their Namies. 


Heaven, which it was moſt eaſy to diſcern. None ap- 
ear'd on that Side more remarkable, than that which is 
ompoſed of ſeveral Stars, among which they reckon ſe- 
en of the brighteſt Sort, and which takes up a pretty 
arge Space, The People who ſaw this Conſtellation 
ometimes above, ſometimes below, ſometimes on one 
Side, and always beginning the ſame Revolution again, 
amed it the Wheel, or the Chariot a: And it is becauſe 
he Romans call'd Terios the heavy Carts they uſed to preſs 
he Ears of Corn withalb, and to clear them of the Corn ; 
hat they gave the ſeven fineſt Stars of that Conſtellation 
he Name of Seßtentrio. But the Phænician Pilots, who 
d their Eyes inceſſantly fix'd on it to receive its Inſtruc- 
ons, with greater Reaſon call'd it ſometimes Parraſſs e, 
he Inſlrufion, the Indication, the Rule; ſometimes Cz- 
% dor Calliſto, that is, the Deliverance, the Safety of 
pailors, but much more commonly Dobebe, or Deoute e, 
Name which Aſtronomers give it flill, and which ſig- 
* the ſpeaking Conſtellation, the Conſtellation that gives 
Hic. a 

By ill Fortune the ſelf- ſame Word Doube ſignified allo 
She Bear in the Language of the Phanicians, who com- 
nunicated it to the Grech only in that Senſe, quite foreign 
o the Figure or the Uſes of the Conſtellation, . It has 
lowever retain'd to this Day the Name it borrow'd from 
ence, You have ſeen the pretty Stories which Ow:4 
nd other Poets have publiſh'd about that ſame She-Bear. 
hey make her a Maid call'd Ca/lifo. They ſuppoſe her 
d be born at Parraſa, an Arcadian City, and are fully 


* X of bl 7 
a ApJuoy Ny x ανν¹.αe-ανν ETIRANTYY K2AGETE, II. S. 
b Terendis frugibus. 
9d ParReHA, Indication, from e PAR ASU, to 
ew, to clear, to teach, Whence came the Name PRARISET, or Doc- 
Ir, probably, 
x Iv CAL1TsA, Deliverance ; from en CALArs, to ſave, 
deliver, 
e From AAT Daa, to ſpeak, comes Dozens or Doux, ſhe 
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acquainted with both her Genealogy and Adventure, 
Fapiter being angry, on ſeeing that the Jealouſy of Jun 
had changed Calliſto into a She. Bear, pretends to have at 
leaſt the Satisfaction of having lodged her in Heaven, 
But Juno takes Care to oblige her to keep in a Place o 
the Heaven, whence ſhe can never deſcend below the 
Horizon, as the reſt do, to cool herſelf in the Waters o 
the Ocean“; that ſo by this Situation her Conduct may 
always be obſerved. From this Inſtance, you may judge 
of the Origin of hundreds of other Metamorphoſes, which 
owe their Birth to a Word that had a double Meaning, 
Put let us leave the Heaven of Poets, and return to that of 
Philoſophers. | 
After the Obſervation of the She-Bear, they ſoon re. 
mark'd, that, as it fll'd a great Space in the Heaven, and 
made a very large Revolution, it expoſed Pilots to the 
Danger of deviating conſiderably from their true Courſe, 
i*, towards tne End of the Night, they ſhould fancy th 
CU to be in the ſame Situation as it was in the Beginning 
„the Night. The Difference of the latter from the 
former Situation, is, it may be, a quarter Part of the Hoi 
zun, or more. It obliged Sailors to go by the Eſtimation 
incy made of that Difference, which might occaſion Mit 
| takes.. They then obferved another Con 
e Viſa minor. ſtellation, leis bright indeed, but almol 
| of the ſame Form of the firſt, filling a let 
Space, and varying its Situation but little. By the Com 
p:citon of this with the other, they call it the little She 
gar. But the three Stars, which make up the Tail 0 
this, being turn'd up in a Sort of Curve-line, and im! 
tings Dog's Tail rather than that of a Bear, that Pa 
of the leaſt of the two Conſtellations borrow'd therefrot 
the Name of CynoſureF. But Sailors made it their chid 
Study to obſerve the laſt Star of the Tail of the Us 
Minor: Becauſe being very little diſtant from the Pole 
that is, from the Point on which the whole Heaven ſeem 
to revolve, it deſcribes round it ſo ſmall a Circle, that! 
* On d\ 41mopts , Aod]por Qxcay)io. Ibid. 
Tris Her, the Tail of the Dog. See Didymus on th 
485: Verſe of the 18th Book of the Thad. 1 Ul (4pu7% 
n xUV(Gouep gu dd. T6 Os xο⁶ EN dV2KuUK NEUE 
wnY Tip de (not dyaxexraAacuirny, as the Editien of Ball 


S 
— 


Las it; which has no Meaning at all.) 


hard) 


LOolug ll, — 
4 A \ ( . | 
W. N FL 0 J 0 : * ? 
4 ” 7 2 8 i; JV 
2 * <A 
4 5 SN A 
* 2 * 0 7 7 1 2 
1 * 22242 
g 8 DW) 
» S 
8 * x | . [ F- 7 | 
| 2 AA \ - 
'h ut \ 1 a =M 7 2 
— ) = . 
MW 7 1 
W => \{ 3 = -< 
2 IT 2” 7 \ 
e 90 2 , Ii NUN 4 
* _ 8 N 1 SW A > 
1 / . 8 
— DJ WY J. 2 a — 
s N 7 e 
. 


S 
N 5 8 CG 1 * 
/ 8 HS =& 


1 
8 . Cars 
% 
+ 3 
8 D „ — 7 Lago, 
U 7 = * 4 8 : & 
)) = XC I Strud 
© 6 i. TÞ J® 
® «|| Rn DDE, Po. 
ä CH * Is 
THE SECOND See 2 
Cuno. 2 | } VL KS. 
OUTHERN CELESTIAL, =" 0” 


# 


Lage „ J*” age z. 


77 
2 V 


"a. . 
„„ TTY 
"gf Ie o 


PART OF THE 


HEMISPHERE 


hardly 
ſame | 
the Po 
call it 
tries v 
Alps. 
Thi 
more 
who h 
of thi: 
Ionia, 
Years 
merce 
They 
ture f 
Voya 
ration 
they 
ſerve 
fect ( 
and t 
make 
cily, 
natut 
trem1 
of Si 
Tiber 
that 
whic 
thing 
the] 
the 
up01 


A ' 
tane, 


Meat 
Star, 


NFL 


Of the Polar STAR. 195 
hardly is perceptible ; fo that it always is ſeen towards the 
ſame Point of the Heaven, We for this Reaſon call it 
the Polar Star, and thoſe, who ſail on the Mediterranean, 
call it Tramontanea, becauſe they ſee it over thoſe Coun- 
tries which are tra monti, that is, on the other Side the 
Alps, _ 6 KORS © | | 2 

The Knowledge of the Polar Star render'd Navigation 
more bold and proſperous. Before Thales the Milefian, 
who had learn'd from the Phenicians the important Uſe 
of this Obſervation, had communicated it to the Greeks of 
nia, and through theſe to all Greece, near ſix hundred 
Years before Chriſt, theſe People carried on their Com- 
merce with the utmoſt Circumſpection and Timidity. 
They ſail'd along the Coaſts, and not only durſt not ven- 
tore far from them, but they never undertook any long 
Voyage. The Reader is amazed at the Alarms, Delibe: 
rations, and great Preparations of Homer's Heroes, when 
they are to croſs the Egean Sea b. You may have ob- 
ſerved that Virgil, always mindful of introducing a per- 
ect Conformity between the Adventures of his Hero, 
and the Cuſtoms of the Time in which he places him, 
makes him coaſt along the Shore of Greece, Italy, and Si- 
cily, without leading him through the main Sea, as it was 


natural he ſhould. After he had brought him to the Ex- 


tremity of Italy, he eauſes him to make the long Circuit 
of Sicily, rather than convey him to the Mouth of the 
Tiber, through the Streights of Mena ; in which they at 
that Time were afraid of meeting with Charibdis and Scylla, 
which frighten'd no body in the Time of Virgil. But no- 
thing l a greater Noiſe before the Siege of Troy, than 
the Expedition of the Argonauts, that is, the Paſſage of 
the Propontis e, and of the Pontus Euxinus d. It was look'd 
upon as a wonderful Exploit: It became the Subject of 


a Therefore the FN ENU ſay of a Man, © he has loſt the Tramon- 
tane,” when his Affairs are diſcrder'd, and he has no Reſource left, or any 
Means to unravel them. He is like a Pilot who has loſt Sight of the Pole 


Star, 


b See the OdyHM. Book 3. * 


e Now the Sea of MARN ORA, between the Stteights of che DAR DA - 
NFLS, and that of CONSTANTINOPLE, 


d Now the BLAck-SEA. 
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nize this Event, they placed in 


been able to paſs from Calclos a to the Mouth of the Ph. 
This now 1s done by the meaneſt Turtiſb Barks. 


cially of the Polar Star, render'd the. Greeks ſo timoroys 
at Sea, Navigation, on the contrary, was extremely im- 
of little Extent in 


that Time Correſpondences, and even very good Eſta- 
bliſhments, in all the Coaſts. of the Mediterranean! We 


Paſſages to and from the Iſlands of the ſecond Order, ſuch 
as are Lemos, | Chics, Sams, Naxics, Rhddes, Zante, Ce. 


 Clijea, Carthage, Utica, Hippone, and a great many 
others along the Coafty of Borbary, are ſo many Eſtabliſh- 


the fineſt Poems: Nay, the Gods themſelves were amazed 
at the Boldneſs of the Undertaking; and in order to eter- 

| | e Heaven, among the 
brighteſt Conſtellations, the admireble Ship which had 


While the Want of the Knowledge of the Stars, eſpe. 


proved by that Aſſiſtance among the Phemicians, and had 
made their 8 (which was but a Border of Syria, 
.ength, and of almoſt no Breadth at 


all} a moſt wealthy a 


renpwn'd. State. They had at 


find again their Colonies b and a Multitude of proper 
Names of their Tongue, in the inner Parts, and on the 
three Coaſts of Szczly; It is the ſame with the fix other 
chief Iſlands of the Mediterranean, viz. Sardinia, Corcyrac, 
Crete d, Cyprus, Eubæa e, and Leſbosf. We find again 
the ſame Proofs of their, ſojourning, or of their frequent 


pbalonia, and the three Bulearesg, They diſcoyer'd all 
the ſmalleſt Iſlands, and made them known. Theſe are 
the Cyclades on the left Side of the Archipelago, and the 
Sporades ſcatter d on the Right. The Cities of Adrumet, 


ments, which the Sidezians and Tyriaus made there at ſe- 
veral times. They had many. Sea- ports in Spain, eſpe- 
cially in the Bætica, which is the modern Andaloufia. All 
that Country, and particularly the Betis or Guadalquivyr, 


a A City of TugssA Lx at the Bottom of the Gulph, where the City 
call'd DLMETRIADE was built long after. 

b See the ChAxAAR of SAMUEL BochAxr. " | 
e Now CoxFov, at the Entrance of the Gulph of VENICE. 

d New CAxDIa, below the AKCUHipgELAGO; > 4 

e How NEQ&Qraxt...-....r , 

f Now MorzgLix. 


g Neu Majorca, MinoRCA, and. Ivic 4. 
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Of the Polar STAR. 197 
which waters it, went at that Time by the Name of Tar- 
fs, or Tarte a. The good Wines, the Timber, the 


Exquiſiteneſs of the Corn and Cattle, but above all, the 


Gold, the Tin, and the Silver, of which there were 
very copious Mines at that Time, eſpecially towards the 
Source of that River b, ſoon drew the Phenicians on theſe 
Coaſts. Bat this was for a long Time the utmoſt Extenc 
of their Voyages ; they went no farther. For this it is, 
that in Scripture the great Ships and Fleets; defign'd for 
long Voyages, were call'd the Ships of Tarſhiſhc. After- 
wards the Phænicians took ſo much Courage as to paſs the 
$treights, and made themſclves Maſters of the Iſland, which 
they named Gadir, and is now call'd Cadiz, It was an 
advantageous Harbour to them, and macceſſible to the 
other Nations, who had very little Skill in the Art of Na- 
vigation. It inſured them the Poſſeſſion of all the Riches 
they brought from Phenicia or other Places to exchange 
them, and of thoſe they had received in return from Bætica. 
This made them give that important Place the Name it 


ſtill goes by, and Which ſignifies an Inclaſure or Place of 


Refuge. | 5 | 

The Phænicians did not confine their Courſes to the 
Coaſts of the Mediterranean. They alſo open'd themſelves 
the Trade of the Coaſts of Africa and Aa, through the 
Arabian Gulph, which was then call'd the 14umean Sea, 
or the Red Sea, from the 1dumeans, who inhabited the 
Parts adjacent, and who had taken their Name, as well 
as their Original, from Eſau, who is known to have been 
ſurnamed the Red-hair'd, or Ediom. Not that there was 
then any Trench or Communication through Szez d, to 
paſs from the Mediterranean or the Nile, into the Red 
dea. An Undertaking like this did little agree with the 
Simplicity of thoſe Times; and if the Greedineſs of Riches 
had induced the Phenicians to attempt it, the Egyptian 


a SeePavsAn, in Eliacis ſecundlis. 

b STR A8o quotes the following Verſe of Sr ESG ORS. 
_ Tegſnaos widpe my as dm lewes dgyvenriCus. 
Towards the Sources of the River 'T Ar TESSE=—----Under which Silver 
Mines are found. | : 

e Pfal. xlviii. 8, and Iſai. ii. 16. 


4 An Iſthmus that joins AT R1HA to ARABIA, 8 
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Kings had not been afterwards reduced, when they under. 
took it, to abandon it, as they were, from the Impoſſibility 
there was of Succeſs*. But if the Phenicians, though 
Inhabitants of the Coaſts of the Mediterranean, neverthe- 
leſs travell'd on the Ocean through the Red Sea, it is be- 
cauſe they had, in the Ports of the latter, Correſpondences, 
Factories, and Ships; a Privilege which always was, and 
ſtill is enjoy'd in moſt of the Coaſts of 4/a, and indeed 
does much Honour to the Affability of the Eaſtern Na. 
ions. | | 

It was the Pilots of Hiram King of Yre, who about a 
thouſand Years before Cbriſt, and when the Greeks were 
as yet unexperienced in the Art of Navigation, taught it 
the Hebrews with Succeſs, and were the Guides of the 
Fleets which Solomon had eftabliſh'd in the Ports of Eloth 
and Ezzon geber 1. This wile Prince being, by the Con- 
queſts of his Father, become Maſter of Idumea, and of the: 
farthermoſt Parts of the Red Sea, intended, indeed, to 
convey Wealth into his State togetl r ith Trade; but 
his chief Deſign was to baniſh Idlen.s 2 ad Beggary ; in 
which he was imitated by his Succeſſors tae Kings of Ju- 
dah, and particularly by Jeſaphat, the moſt pious and 
moſt judicious of them all: The happy and flouriſhing 
State of the Tyrians had taught Solomon, that wherever 
Navigation is in Requeſt, a Beggar, who has Limbs and 
Strength, differs nothing from a Criminal, and that there 
were ſcarce any Criminals to be puniſh'd, when a brik 
and lively Marine offer'd them all an infallible Reſource, 
and eaſy Profits. | 

Let us now trace out our Hebreaus in their naval Courſes, 
and, if poſſible, let us find, what Parts of the Earth began 
to be known at that Time, by the Reſearches of Navi 
gators. What Scripture tells us on that Head, amounts 
to the three following Facts: 1. That the Hebrews and 
Tyrians went together to Opl ir, and in their Return from 
thence brought with them immenſe Sums of Gold, of pre- 
cious Woods and Jewels. 2. That So/omon's Fleets, un- 
der Direction of the Pilots of the King of Tyre, made the 


* HERNOPDOr. in Melfom. 
| 1 Kings ix. 10. 2 Chron. viii. 
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Voyage of Tar/hi/5, the Returns of which conſiſted in 
Silver, Gold, Ivory, and ſome foreign Animals, vix. 
Monkeys and Peacocks. 3. That they were three Years 
in making the Voyage of Tarſbisb. : 
The firſt Ophir ſpoken of in Scripture *, was 4 in 
the Fortunate Arabia or Arabia Felix. Job and bis 
Friend Fliphos ſeem to have known the Brooks of Ophir, 
only becauſe they were famous in Arabia, their common 
Country, by the gold Sand they left in their Paſſage. 
The Name Ophir, already become famous, when they 
ſpoke of the gold Sand, which the Torrents left on their 
Shores, was afterwards given to that Coaſt of Africa on 
which Solomon's Fleets, or the Tyrians, found the greateſt 
Quantity of it. It has ſtill the ſame Name and the ſame 
Trade, The Names of Sepbir and Sophira, by which the 
Greek Tranſlation and Origen render'd the Name Ophir, 
very likely is that Coaſt which they call the Kingdom of 
Sophara, The Portugueſe ſoften the Pronounciation of it, 
and call it Sophala. They ftill drive a confiderable Trade 
there of that precious Duſt which the Torrents ſcatter on 
the Coaſt, after having waſh'd tkem from the Mines which 
are in Plenty in that Country, eſpecially in the Moun- 
tains of Manica, whence deſcends the River of Sophara. 
The Hebrews, who had no convenient Sea ports in the 
Mediterranean, and would have been glad to have had a 
Share in the rich Trade of Tar/i/s, were told by the 
 Phenicians, that by keeping cloſe to the Coaſt they would 
at laſt reach the Streights of Cadiz, and that the e were 
immenſe Profits to be made in the Way, by exchanging 
ſome Tools of no Value for Commodities of Conſequence. 
Thus, with their Guides, they paſs'd from the Count.y 
of ef hala, as far as the Southern Promontory I Which was 
long after found again by the Portuguexe; and puruiag 
their Courſe from Coaſt to Coaſt, they kept cloſe to the 
Weſtern Shore, going up again Northward, and at lat 
were carried to Spain, whence they return'd not till the 
third Year, They began again the ſame Voyage every 


* Geneſ. x. 29. Job xxii. 24. 
| In Jos xxii.24. Ox1Gtx is inclined to think Sorhix A is in 
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three Years, and with great Profits traded in Spain, and 
all along the Coaſts of Africa, as they went backwards 
and forwards, 

Several learned Men place Tarſbiſb and Ophir in the 
Iſland Ceylon, or in the Peninſula of Indus. But our Na- 
vigators, by coaſting along the Shores, as they then did, 
might a few. Months after have reach'd the Cape, which 
terminates the Perin/ula of Indus. Beſides, it is known 
by unqueſtionable Proofs, that the Country of Tarſpiſb was 
the Betica, or Spain in general; and Jonas would never 
have embark'd at the Port of J in the Mediterrancen 
Sea, to take his Flight to Tarſhiſb towards the Well, if 
that Country had been in the Eaſtern Ocean. Hence 
therefore we may judge, that both the Hebrews and the 
Phenicians went round the Continent of Mica, to join 
the Trade of all its Coaſts to that of Bætica; as is plainly 
proved by the three Years Time, employ'd in petting 
back again into the Port of Eloth; and this Proof is ſtill 
ſupported by the Nature of the Commodities they brought 
with them. 'Theſe were Metals, which they had drawn 
from Spain and Ophir ; Ivory, which they fetch'd from the 
Coaſt of Teeth, where Elephants are more common than in 
any other Place; Monkeys and Peacocks, all Animals ealy 
to be found on the Coaſts of Afrita; and finally, precious 
Woods and Jewels. They might find on the Coaſt of Africa, 
a great Quantity of yellow Amber, of red Coral, Coral of 
other Colours, and of very fine Jaſper, of which they ſtill car- 
ry on the Trade in the Kingdom of Benin, and ſeveral other 
precious Stones, which are found in the inner Part of the 
Country. In their Return, they might, without any Coſt, 
cut and ſhape the fineſt Sorts of Ebony, and the other 
Woods uſed for inlaid Works, in the Foreſts of Madago/- 
car and Meſambigue, which are ſtill full of them on the 
Eaſtern Coaſt. They alſo found ſome other precious 
Woods, by touching on the Coaſts of Felix Arabia, after 
they had paſs'd the Streights of Babelmandel, which is the 
Entrance of the Red-Sea. : | 

This Commerce was afterwards interrupted, and that 
way abandon'd : Not on account of the Failure of the 
Mines of Andalouſia, which were not exhauſted till the 
Remans had them; but by the Decay of the Jews and Y- 
rians, Whoſe Trade and Commerce the Kings of Balylon 

endeayour'd 
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endeayour'd to ruin, before they undertook to deſtroy their 
Cities. However, though the Conqueſts of theſe ambi- 
tious Monarchs, by including 1dumea and all the Ports of 
the Red-Sea, had ſunk the Commerce of Tarſhiſb, that is, 
the Voyage of Cadiz by the long Circuit of Africa, they 
did not ſo ſoon loſe the Remembrance of that Courſe+ 
They knew it very well at the Court of Necao, who reign'd 
in Egypt fix hundred Years. before Chriſt. That Prince, 
who had a Mind to reſtore the antient Splendor of his 
Kingdom, with great Reaſon thought he could never ſuc- 
ceed in it, otherwiſe than by the Re-eſtabliſhment of Na- 
vigation. In order to which he undertook the Junction 
of the Ocean with the Mediterranean, by making a Trench 
that was to reach from the Nu to the Red. Sa. But 
« afterwards {theſe are Herodotus's own Words) having 
e intirely, abandon'd the Execution of that Canal, he 
4 cauſed ſome Phenicians to embark on the Red-Sea, and 
e order'd them to go round Africa, to leave the Streights 'S 
© of Hercules, to penetrate even as far as the Northern 1 
« Sea, and to come again and give him an Account of it.“ 

The Phenicians (being, from the Accounts of their Fa- 
thers, perfectly well acquainted both with the Way thither 
and the Method of living there, without overloading them- | 
ſelves with large Stores of Proviſions) ſet Sail from the | 
Arabian Gulph, and advanced forward into the South 8 
Seas: And not being ignorant that the Summer Rains = 
deftroy, in the midſt of Africa, what has been ſow'd in 1 
the Spring, “ in Autumn they landed, ſow'd their Corn, 1 
and ſtaid for the Time of Harveſt, without leaving the 
„ Coaſts of Libya: They then gather'd their Crop, and 
got te their Ships again. After two Year's Navigation, 
* they arrived at the Columms of Hercules, and paſſing the 
* dtreights, came back again the third Year to Foyer 
; through the Mediterrauean. 
; From this Recital it is plain, that nothing was then 
better known than the Circuit of Africa, and the Voyage 
of Cadix through the Red-Sea. The Intention of Necao 
was not to inform himſelf of the Poſſibility of that Courſe 
lor the Good of his Commerce: In his Inſtructions to the 
Pilots, he ſuppoſes them to be fully acquainted with it: 
But his Intention was, that they ſhould do ſomething more 
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202 DIALOGUE II. 
than what was done by going through the Ned. Sea to the 


Columns of Hercules, and try to penetrate into the North. 


ern Sea, which very likely began to be talk'd of; and to 
inform him, whether there might be ſome uſeful Diſcove- 
ry made, or any Trade to be eſtabliſh'd on that Side. It 
was without any AP then, that the learned Beochart, 
who had ſo ingeniouſly demonſtrated the Situation of the 
antient Tar/;hb in Bætica, and near the Streights of Ca- 
%, imagines another Tarſbiſb in the Eaft, thinking the 
Voyage round Africa to be then impracticable. 

A little Particularity related at that Time to King 
Necao, by his Navigators, puts the laſt Hand to the 
clearing this Point of Hiſtory. At Noon the Shadow of 
our Bodies is always caſt towards the North, and when 
at that Time we look Weſtward, we have the Sun on 
our Left. Our Phenicians, on the contrary, being arriv- 


.ed on the Extremities of Lybia, ſaw the Shadow of theit 


Bodies at Nooh thrown to the South. They then told 
the Ex: yp!7225, that in their going towards the Welt, they 
had the Sun on their Right. The Zpyptians, who were 
not by far ſo good Aſtronomers as they are ſuppoſed to 
have been, recounted this Fact as a wondrous Thing; 
and Herodotus, who heard of it in their Country, 
about a hundred Years after the Event, refuſed to give 
Credit to the Account that was given of it to him. But 
what ſurprized him ſo much at that 'Time, 1s the very 
Demonſtration of the Matter of Fact, and clears the Ac- 
count given by the Navigators. It is now univerſally 
known, that the Sun keeping his ſeveral annual Situations 
within the Topics, we on either Side perceive two diffe- 
rent Projections of the Shadows: Thoſe on this Side the 
Tropic of Cancer ſee the Sun on their Left as they look 
to the Weſt, and their Shadow is extended towards the 
North. On the other Side the Tropic of Capricorn, it is 
juſt the Reverſe, The Shadow flies to the South, and 
they have the Sun on their Right as they look to 
the Weſt. This Particularity, ſo contrary to the Pre- 
zudices of the Antients, and on the other hand the Re- 
turn of the Phaenicians through the Mouth of the Nile, 
after they had begun their Voyage by the Red. Sea, are 


a ſufficient Demonſtration of the Knowledge they _ 


ha 
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had of the Circuit of Africa, Theſe Voyages, which 
were afterwards diſcontinued for above two thouſand 
Years together, and of which the Portugue/e, two or three 
Centuries ago, thought themſelves the firſt Authcrs, were 
very common in the Time of Solomon, and under his 
Succeſſors. 0 

You ſee, Sir, that it is to the Phænicians that we are 
beholden for the firſt Knowledge, both of the Coaſts of 
the Ocean, and of thoſe of the Mediterranean, They eve · 
ry where make their Way, by their conſtant Attention to 
the Advices of the Polar Star. Geography begins to 
come to ſome Shape : Nations emerge from their Obſcu- 
rity : They draw again towards each other, after the 
long Diſtance they had kept from one another ſince 
the Time of their Diſperſion. After having each of 
them improved the Qualities of their Land, and the 
Aſpect of their Heaven, they begin to communicate the 
Fruit of their Works, and to afford mutual Helps to 
each other. Societies are form'd ; and all theſe happy 
3 are the Conſequence of the Obſervation ot a 
tar. 
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T HAL ES was not contented with having taught the 
Greets the Advantages reſulting to Navigation from 
the Knowledge of the Polar Star : He determined for them 
the whole Series of Stars, under which the Sun is ſucceſ- 
ſively found within the Compaſs of a Vear. He aſter- 
v/ards, with the ſame Care, obſerved all thoſe under which 
the Moon paſſes within the Revolution of a Month. He 
{con found, that the Moon does not exactly place itſelf 
under the ſame Stars as the Sun; but that the Orbit or 
Series of Stars it runs under in a Month's time, cuts the 
Orbit of the Sun in two Points; and deviates a little from 
it on either Side. He then took Notice, that the Points, 
Where theſe two Orbits cut each other, were not always 
f the ſame from one Month to another, and that * 
| | 55 econ 
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ſection of them happen'd ſometimes under one Star 
ſometimes another; but that theſe Variations, after a cer- 
tain Number of Revolutions, began anew, and were again 
very nearly the ſame. He was, or at leaſt ought to have 
been then, ſenſible of the Intention of a benevolent Pro- 
vidence, which, by thus making the Orbit of the Moon 
croſs that of the Sun, had taken care that theſe great 
Flambeaux were not eclipſed every Fortnight, when the 
Moon is in its Full, or in its Oppoſition to the Sun, ſhould 
be obſcured by the exact Interpoſition of the Earth in the 
ſame Line; or when the Moon in Conjunction, that is, 
placed hetween the Sun and the Earth, ſhould take all 
Light from the latter. He apprehended, that the In- 
terlection of the Orbits, and the Variations of the Points of- 
Section, were Means wonderfully managed and prepared, 
to render the exact Union of theſe three Bodies in one 
and the ſame Line much more rare. But having gradu- 
ally obſerved, that theſe Variations of the Moon were li- 
mited, that it began anew the ſame Changes of its Place, 
and was in its apparent Irregularities, tied up to a fixt 
Rule, as well as every other Part of Nature ; he watch- 
ed all the different Courſes of this nightly Star, and com- 
pared a ſufficient Number of them, to make himſelf cer- 
tain of the Day on which the three great Bodies ſhould 
be in the ſame Line, and ſcreen each other, He then 
came to foretell Eclipſes; and the Nations, whom theſe 
Events uſed to terrify, took Heart again, when they heard 1 
that the ſo ſudden darkening of theſe Stars, the Cauſe Fi 
whereof they had ſo long, been unacquainted with, was | 
tne neceſſary Reſult of their mutual Interpoſition, and F 
of the wife Laws, according to which they revolved for 1 
the Service of Mankind. | 16 
The chief Benefit of the Knowledge of Eclipſes was 1 
not only to quiet, by the Prediction made of them, ſuch 1 
inds as might have been terrified by them: Gcogra- 
phy found alſo its Advantage in that Diſcovery, and the 


lunar Eclipſe more particularly ſerved to give more juſt Fi 
Meaſures of the Diſtance of one Country to another. At | 
the Approach of that Eclipſe, two Obſer- | 1 
vers being placed, one at Milet, the other Geogr aphical | 


at Babylon or Syracuſe, mutually agreed Meaſures. 
ſtrictly to obſerve the Hour and exact Inſtant of the 
Moon's 
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Modn's entering into the Shadow of the Earth, then the 
Hour of its greateſt Obſcuration, and finally the Inſtant 
of its total Emerſion from the Shadow. As they were 
ſure, that when the Moon is obſcured with regard to 
one Nation, it is ſo with regard to all the reſt ; becauſc 
it is eclipſed only on account df its being deprived of 
the borrow'd Light which makes it viſible; they put 
their Obſervations together, in order to compate the Dif- 
ference between the Hour reckon'd by one of the Ob- 
ſervers, and that mark'd out by the other. As it was eaſy 
for them to know the exact Diſtance that was between 
two Cities equally diſtant from the Æquator, and one of 
which had the Sun an Hour ſooner than the other, when 
they ſaw, that there was a Difference of ſo many Hours 
between the Inſtant of the Eclipſe at Babylon, and the 
Inſtant of the ſame Eclipſe ſeen for Inſtance at Syracuſe; 
they thence concluded, that Babylon was by ſo many 
Hours more to the Eaſt, and conſequently, that there was 
ſuch a Diſtance from Babylon to Syracuſe. It mult be 
own'd that the Facility we now have of meaſuring 'Time 
in a uniform Manner with our Pendulums, has render'd 
theſe Obſervations much more exact among us: But the 
Glory of our Exactneſs and our Progreſs may be carried 
back as far as Thales, We make uſe of what he has diſ- 
cover'd : and if we were to determine to whom we were 
moſt obliged, he who firſt foretold the Return of Ec- 
lipſes, or he who ſubſtituted Pendulums to our Balance- 
Clocks, it might be Matter of mature Deliberation. 
| Another Advantage, that ſprung from 
282 the Obſervation of lunar Eclipſes, was 
wa the Certainty of the Roundneſs of the 
Earth, not very well known before that Time, The 
Eaſtern Nations gave the Earth the Name of Tebe/, whence 
came our Word Table; becauſe it was indeed an univerſal 
Prejudice, that the Earth was a flat Surface terminated 
by an Abyſs of Water. The Poets favour'd this Prejudice, 
by always ſpeaking of the Riſing and Setting of the Stars, 
as if they came out of the Bottom of the Ocean in the 
Morning, aod went thither again to cool themſelves at 
Night. A poor Philoſophy, and pitiful Jargon ! which 


our Poets are ſtill as fond of, as they are of the Naben. 
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of Paganiſm: as if it were not as meritorious to repre- 
ſent Nature in its Beanty, as to paint imaginary Trifles. 
The Ienian School ſhook off theſe Prejudices : They not 
only underſtood, that the Moon ſhone with only a. bor- 
row'd Light, and that it was obſcured by the exact In- 
terpoſition of the Maſs of the Earth between the Moon 
and the Sun; but judging beſides of the Figure of the 
Earth, by that of the terreſtrial Shadow, which gradually 
was thrown upon the Diſk of the Moon, they could no 
longer doubt of the Roundneſs of the Earth. 

Anaximander, and the other Succeſſors of Thales, per- 
ſevering in this reaſonable and uſeful kind of Study, be- 
gan to collect the Hiſtories of famous Expeditions, the 
Accounts of Travellers, and the Memoirs of Pilots, and 
to compare the Whole with their obſeryations. They 
preſumed to give the Deſcription, Figures, Diſtances, and 
Relations of the known Countries. According to ſome 
of the Learned, the Philoſophers of the Ionic Sect col- 
lected all theſe particular Branches of Knowledge in one 
Sphere or Syſtem, and for the firſt Time ſhew'd Greece 
a terreſtrial Globe. According to ſome others, they 
only produced geographical Maps, and local Deſcrip- 
dions. 5 

We may ſuppoſe, that Geography was as yet very im- 
perfect, and that Falſhood did every where disfigure 
Truth therein: But it was no ſmall Point gain'd to have 
begun; and ever ſince that Time, Emulation, the Love 
of Sciences, Mathematics, Commerce, and Navigation, 
went on hand in hand, and always increaſing among the 
Greeks, They become as famous by their Colonies, as 
the Tyrians were. Syracuſe in Sicily, Marſeilles on the 
Coaſt of Gaul, Cyrene in Africa, and Naucrate in Egypt, 


are not the leaſt of their Eſtabliſhments. They main- 


tain'd the Liberty of the Eolians and lonians their Bre- 
thren, who are often troubled in Aa by the Covetouſ- 
neſs of the Miniſters of the Kings of Pia. They kept 
the Sea, in ſpite of the numerous Fleets of that formida- 
ble Empire : They at lait deſtroy'd it, and were behold- 
en for theſe good Succeſſes to their Education and Know- 
ledge, rather than to their Forces, which were no way 
comparable to thoſe of the Afatic Monarchy. | 
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The Conqueſts of Alexa nder, which changed the whole 
Face of the Univerſe, gave Sciences quite a new Form, 
That Prince, as fond of Learning as he was brave, and 
full of the noble Ideas which his Maſter Ariſtotle had 
inſpired him with, had always about him learned Men, 
who were appointed to collect for him the Diſtances of 
Places, the ſeveral Particulars of natural Hiſtory, and all 
the Obſervations made by the Nations whoſe Provinces 
he mav\i'd over. And after having ſo often indanger'd 
his Life, to free Greece from the Yoke and Vexation of 


the Per/ians, he expoſed himſelf, merely to make the 


Diſcovery of ſome new Countries“. He went as far as 
the Indian Ocean, and had like to have been carried 
away with his whole Army, by the Rapidity of the 
Tide, with which he was not at all acquainted. His 
Raſhneſs every where ſucceeded. Aſtronomy, Geogra- 
phy, and Hiſtory, gain'd extremely by it; and though 
his Empire was divided almoſt as ſoon as it was form- 
ed, his Succeſſors, the Poſterity of Lagus in Egypt, that 
of Seleucus in Syria, and the others who divided 4/a 
Minor and Macedonia, being originally Greeks, the Greek 
Tongue became an univerſal Language, a trading Tongue 
which ſettled a mutual Correſpondence among all the 
Nations of the three Parts of the antient World. The 
Weſtern Nations began to know the . Riches, the Pro- 
ductions, the Cuſtoms, and the Hiſtory of Aa. *Tis true, 


the Greet Philoſophers had not taught Men the whole- 


ſome Truths of Religion. But by thus exciting a gene- 
ral Curioſity, and an Eagerneſs for Inſtruction, they in- 
ſenſibly prepared all the Nations of the Earth for the 
Reception of a Doctrine much more enlighten'd, and a 
ready Submiſſion to the Precepts of the Goſpel, 

Of all the Succeſſors of Alexander, none did more 
Service to Aſtronomy than the Lagid Kings. The 
Wiſhes and Inclinations of great Kings are always. effi- 
cacious, and they ſoon ſce thoſe Branches of Learning 
flouriſh which they think fit to reward. The Prolomys 
judging nothing to be more worthy their Favours than 
the Works of Aſtronomers, Alexandria, their Capital, 


« Quint. Curt. 1. 9, Co 6. 


became 
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became the School of that Science. Conon, Ariſtides, lf 
Timocharis, and many others, were very eminent that " 
Way, and made Obſervations uſeful to Navigation. 1 
Eratoſthenes, Keeper of the Library of Alexandria, in the 4 
Reign of Ptolemy Euergetes, undertook to calculate the fl 
Number of Stades, ( or Meaſures of 125 Paces long ) 4 
thot might make up the Circuit of our Globe; and he 14 
had ile Glory of coming near the Truth. He knew, 4 
that at the Summer Solſtice the Sun paſs'd through the 4 
vertical Point of the City of Sienna, being on the Con- Bi 
fines of Egypt and Ethiopia, under the Tropic of Can- | 
cer. There was at Sienna a Well made on purpoſe for þ 
that Obſervation, which about Noon, on the Day of - 8 
the Solſtice, was wholly inlighten'd within by the Sun 
perpendicularly over it“. It was a well known Fact, 
that at 150 Stades round about, Styles raiſed perpen- 
dicularly on the horizontal Surface projected no manner 
of ShadowF, Having ſuppoſed Alexandria and Sienna 1 
to be pretty near under the ſame Meridian, that is, in bit 
one and the ſame Line drawn from Pole to Pole, he * 
obſerved in Alexandria, on the Day of the Solſtice, the 
Diſtance of the Sun from the vertical Point, by the Sha- 
dow of a Style raiſed perpendicularly on the Bottom of 
a half concaye Sphere, and pointing ont, by its upper 
Extremity, the Center of the Sphere of which it was the 
Radius. Had that Needle projected no Shadow, it would 
have been becauſe the Sun was perpendicularly over that 
Place. He then could judge of the Diſtance of the Sun 
from the vertical Point, by the Diſtance of the Top of 
the Shadow from the Foot of. the Needle. He found 
that Diſtance was the fiftieth Part of the Circumference 
of an intire Circle ; whence:he concluded, that as the 
Sun, at that time perpendicular over the City of Sienna, 
was diſtant from the vertical Point of Alexandria, by the 1 
hftieth Part of the Circumference of the whole Heaven; | 
Alexandria was diſtant from Sienna by the fiftieth Part 
of the Circumference of the whole Earth. Now it was | 
an eaſy matter, to know the Diſtance that was between 1 
theſe two Cities, and to repeat it fifty times. Having | 
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then calculated that Diſtance to be five thouſand Stades, 
he found that the Circumference of the Earth was 250000 
Stades, which being reduced into common Leagues of 24 
Stades each, made 10416 Leagues and 16 Stades. This 
came very near the Computation of the Moderns : ac- 


cording to which, the Circuit of the Earth is judged to 


be ſomewhat more than ooo common Leagues. 

Hipparchus, a great Obſerver of the ſame School, di- 
ey. 1022 Stars, and gave each of them a particular 

ame. 

While the Greeks were making this great Progreſs in 
the Study of Nature, the Gaw/s, our Fathers, did not neg- 
le& it, and their Druids had at leaſt ſome common No- 
tions of it, which they communicated wiva wore and un- 
written to their Diſciples, to oblige. them to know more 
certainly the Things which, in time of need, they could 
find no where but in their Memory. But the Inhabi- 
tants of Marſeilles having been for a long time Maſters 
of a very flouriſhing Trade, and being deſirous to ex- 
tend it in the Ocean, as well as in the Meaiterranean, 
they encouraged by Rewards ſuch aſtronomical Obſerva- 
tions as might aſſiſt their Navigation, and, by making 


them a Way to new Countries, afford them new Means of 


gathering Riches. In the very Time of Alexander, Py 
theas had raiſed a Gnomon in Mar/eilles, and meaſuring 
the Length of the Shadow at the Day of the Solſtice, ard 
then comparing it with the Height of the Gnomon, he de- 
termined how far the Sun was diſtant ſrom the Zenith of 
Marſcilles, and conſequently how far that City was diſtant 
from the Tropic and the Æquator. He found, that on 
the Day of the Solſtice the Length of the Shadow of 2 
Needle is to the Height of the Needle itſelf, what 41 1s 
to 120; a Proportion which Mr. Gaſſendi found again to 
be the ſame at Marſeilles, above two thouſand Years after 
the firſt Obſervation . Pytheas, the better to ſerve his 
Country, undertook to traverſe the whole Mediterranean 
to the very Bottom of the Lake Maolis, where the River 
Tanais diſcharges itſelf. He afterwards ventured to ad- 
vance through the Ocean to the very Bottom of the North. 
He obſerved along the Coaſts (very likely of Norway) 
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that towards the Summer Solftice the Sun remain'd but 
three Hours under the Horizon, and that as he advan- 
ced ſo far as the Iſland Thule, which can be no other but 
Teland, or Lapland, he ſaw the Sun diſappear for an In- 
ſlant, and immediately after reaſcend the Horizon. When 
we treat of the Sphere, you will ſee, that the Sun, de- 
ſcribing the Line of the Tropic on the Day of the Sol- 
ſtice, of neceſſity muſt be ſeen four and twenty Hours 
together, or hide himſelf for only an Inſtant behind the 
Mountains that bound the Horizon, in thoſe Countries 
where the Tropic is wholly in the viſible Hemiſphere, 
and juſt touches the Horizon, with its lower Extremity. 
In this, Pytheas advanced nothing but what was exactly 
true. Experience agrees with him ; and the Geographers 
of Alexandria, who were ſenſible of the Conformity of 
this Relation with their Principles, did not fail to make uſe. 
of it, to diſtinguiſh Climates and the Diverſity of the Days 
from one Climate to another. 

Pytheas had ſtill indeed many Prejudices as to the 
Structure of the World, which, together with ſome cer- 
tain Appearances, contributed to deceive him. He was 
ignorant of the Rotundity of the Earth, and among other 
falſe Notions which he entertain'd concerning the Diſpo- 
ſition and Situation of the Northern Countries, he thought 
he ſaw very diſtinctly the Heaven ſupported by the Earth, 
like an inclined Arch, and forming at its Extremities a 
very long Angle, where People were ſtraitly confined, and 
obliged to ſtoop. Strabo, the moſt judicious of the an- 
tient Geographers, was much in the right, when he ex- 
ploded Accounts like theſe.- But he himſelf is much miſ- 
tzken, not only when he thinks the Northern Countries 
uninhabitable, but alſo when he treats as Fables the Ob- 
ſervation of the Height of the Solſtice at Marſcilles, and 
the Diſcovery of the perpetual Decreaſe of Night, as we 
advance in the North, at the Approach of the Summer 
Solſtice : which ſhews, that Strabo, who was acquainted 
with the Roundneſs of the Earth, and the Inequality of 
the Declinations. of the Sun, did not himſelf draw proper 
Conſequences from them. The Teſtimony of all Navi- 
gators is in Favour of Pytheas, and he is the firſt who 
cauſed Men to uſe the proper Cautions towards regulating 
the important Navigation of the North, by informing us 
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of the Advantage of going thither in the Spring, and of 
preventing the Return of the Ice, and of the long Nights, 
which could never be avoided, fhould we expoſe ourſelves 
- thereto at the Approach of Autumn. 

If we paſs on from the Knowledge of 
the Gault to that of the Romans, we ſhall 
find, that military Diſcipline and Politics 
were long their only Philoſophy. But when they had once 
taſted the Arts and Sciences of the Greeks, they applied 
themſelves much leſs to Phyſics and to Experiments, which 
are always long and toilſome, than to Queſtions of mere 
Speculation ; becauſe theſe exerciſed their Minds without 
tiring them, and gave them an Opportunity of ſhewing, at 
little Expence, ſome Learning, and a poljte Style“. Let 
us do many of them, Juſtice. 'They often look'd in the 
Improvement of their Reaſon for Means of Employment, 
and for Comfort in their Troubles. But, generally ſpeak- 
ing, the Curioſity was over-power'd by Laleneſs. Phyfics 
and Aſtronomy met with but very few Favourers amongſt 
them. Neceflity rather than Inclination render'd Scipio, 
Pompey, and Julius Cz/ar, favourable to theſe noble Sci- 
ences. Theſe great Men, always taken up with Projects, 
and buſied about Voyages and Conqueſts, were fully ſen- 
fible of the Value of the Knowledge of Times, Places, 
and Diſtances, Scipio Africanns for a long while employ- 
ed Po/ybius, in running over the Coaſt of the Mediterra- 
nean, in order to write for him exact Memoirs, Pompey 
kept an epiſtolary Correſpondence with the Aſtronomer 
Pofidonius, who had more particularly applied himſelf to 
calculating how many Miles a Degree. of the Circuit of 
the Earth contain'd, and to the Meaſuring of that Cir- 
cuit by the known Diſtances of ſome ſele& Towns placed 
under the ſame Meridian, or under a Line drawn from 
North to South, in order to judge of the Whole by a 
Part. | 

Julius Cæſar, who had early applied himſelf to theſe 
particular Branches of Learning, and knew how to be ſuc- 
ceſſively a Warrior, an Orator, a Pilot, and a Carpenter, 
was likeyyiſe one of the moſt learned Geographers of his 


Phyſics among 
the Roxans. 
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WH Time. He was become fo by his perpetual Voyages, by 
the inſtructive Memoirs he cauſed to be ſent to him from 
all Parts, and chiefly, by the Care he took to judge of 
every Thing himſelf, and to keep a faithful Journal. We 
ſee him paſſing into Great-Britain with Water-clocks, in 
order to have an uniform Meaſure, to ſhew him exactly 
the Difference between the Length of Nights in Britain, 
and of thoſe in Gaul. le found the former ſhorter to- 
ward the Solſtice ; and he may be ſaid to have been a very 
great Naturaliſt, as he was a great Oblerver. 

In order to-make himſelf a good Geographer he could 
not help being an Aſtronomer. On this is grounded the 
Diſcourſe which Lacan cauſes him to addreſs to one of 
his Prieſts, from whom he hoped to learn the Origin of 
the overflowing of the Mie. In the midſt of my mi- 
« litary Expeditions, faith Cz/ar to him, I always gave a 
few ſpare Hours to the Obſervation of the Courſe of the 
« Stars, to the ſeveral Aſpects of the Heaven, and the 
| « Knowledge of celeſtial 'Things. I even dare to hope, 

that Eudoxus a will not for the future be more famous 
« by the Zphemerides he gave to Greece at his Return 
% from Egypt, than I ſhall be by the Order to which I 
© have reduced the Courſe of the Yearb.” 
| And indeed, nobody is ignorant of the Care he took, 
to render the Method of computing the Year more agree- 
| able to the exact Duration of the annual Courſe of the 
Sun. The Years, meaſured according to his Calculation, 
are for that Reaſon call'd Julian e; and in Acknowledg- 
ment of this uſeful Reformation, his Name was given to 
one of the Months of the Year. Auguſtus d obtain'd the 

lame Honour, for having facilitated the Study of the ſeve- 


| ral Elevations of the Sun, by means of the Shadow of an 

Obeliſk 111 Foot high, which he cauſed to be erected 
in the Field of Marse, and for having cauſed the Ac- 
5 , A Diſciple of PL AToo. 


Media inter prælia, ſemper 
Stellarum, ccelique plagis, ſuperiſque vacavi, | 
. Nec meus Eunox1 vincetur taſtibus Annus. PuaRSAL. I. 103 
| e The Month of Jury. SL, 
d The Month of Ave usr. 
e Plin. Hiſt, 1, 3. 
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count of the Lengths of all the Coaſts and Roads of the 
Empire, drawn up ſrom the Memoirs-of his Son-in-law 
Agrippa, to be regiſter'd in a Portico built for that Pur. 

e. 
3 the two moſt learned Men in this kind, that ever 
lived under the Roman Emperors, are Pliny the Naturaliſt, 
and Ptolemy of Alexandria, the one a hundred “, and the 
other one hundred and fifty Years + after Chriſt ; both ve. 
ry great Geographers : The latter however was a better 
Aſtronomer than a Geographer. 

Pliny, diſguſted with the Philoſophy of the Schools, on 
account of the Futility of the Matters there treated of, 
and the unbecoming manner of perpetual Wranglings 
which reign'd there, form'd the Project of collecting uſeful 
Branches of Learning, fit both to adorn the Mind, and in- 
rich Mankind. He gather'd therefore all he could on 
thoſe Subjects, which naturally ought to employ the Mind 
of Man, ſuch as are the general Order of the Heaven, 
the Deſcription of the Earth, or of the known Coun- 
tries, the birth and Education of Man, the Invention and 
Progreſs of Arts, the Terreſtrial Animals, the Aquatic, 
the Amphibious, the Birds, the Inſects, the foreign Trees, 
the odorous Spices, the Fruit and Foreſt-Trees, the Cul. 
ture of Plants, the ſeveral Kinds of Corn, Huſbandry, the 
Uſes of Flax, Gardening, medicinal Plants, Flowers, Bo- 
tanics, Phyſic, Metals, metalline and colour'd Earth, 
Stones, and Jewels: This is his whole Book. It wa: 
hardly poſſible to make a more judicious Choice. 

It muſt be own'd, that Pliny received what was told 
him with too much Eafineſs ; that he would haye ſerved 
us to better Purpoſe, had he made Criticiſm and Experi- 
ments go hand in hand with his Reſearches ; that in 
ſhort, the Style of his Work. though full of Sublimity 
and Fire, every where has a Touch of the Fault which 


_ corrupted Eloquence at that Time, and which will always 


corrupt it in every Age, I mean the Itch of being witty. 
But that Book, with all its Faults, is nevertheleſs a Trez- 
ſure. If Teachers had a Mind to acquaint themſelves 
with Pliny's Miſtakes, they might, by ſhewing them is 
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Parts to their Diſciples, be as uſeful as if Pliny had told 
the Truth every where ; and together with the richeſt 
Stock of all the Terms of the Latin 'Tongue, convey in- 
to the Minds of Youth ſuch Branches of Learning, as are 
moſt fit to adorn and afford them Employment for the 
ret of their Lives. | 
Claudius Ptolemy, a Diſciple of the School of Alexandria, 
procured himſelf an immortal Reputation, by his excellent 
Book, intituled, OF the great Conſtruction of Planets and 
Stars; which we alſo call Almageſte, after the Tranſlation 
which the Arabians every where ſpread of it in the ninth 
Century. Having compiled the Opinions of Ariſtotle, Hip- 
parchus, and Poſidanius, on the Economy of the World, 
adding his peculiar Opinions thereto, he pretended that 
the Earth was in the Center of the World ; that there 
were as many concentric Heavens as Planets ; that the firſt 
Heaven, which incompaſs'd the Earth, was that-of the 
Moon; that the next Heavens were thoſe of Mercury and 
Venus, then that of the Sun, next to which were thoſe of 
Mars, Jupiter, and Saturn: That all theſe Heavens were 
incompaſs'd by that of the fix d Stars; that this laſt dragg'd 
the Whole away every four and twenty Hours from Eaſt 
to Weſt ; but that while each of theſe Heavens was thus 
hurried away by the ſtarry Heaven, or by the daily Re- 
volution of a Primum Mobile imagived above the ftarry 
Heaven, they had each of them in particular a peculiar 
Motion, by which they made juſt the oppoſite Revolution 
from Weſt to Eaſt round the Earth, ſome in a few Months, 
the Sun in a Year, and the other in ſeveral Years. Some 
other Aſtronomers, having obſerved more Motions ſtill, 
multiplied the Heavens as they pleaſed, to account for 
theſe Appearances, and thought they had found good Rea. 
{ons to incloſe, one within another, even ſeventy Spheres 
concentric to the Earth. | 
We muſt own, that this Contrivance of Ptc/emy, toge- 
ther with all the Additions of After-times, proves abſolute- 
ly unwarrantable, and we ſoon ſhall ſee what Experience 
thought fit to reform in it. However, it is a great Point 
gain d, to have found, as Ptelemy did, mathematical In- 
ſtruments of a determined and certain Utility, and to 
have imagined in the Heaven, an Order, which, falſe 
as 
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as it was, yet in many reſpects enabled the Obſervers to 
give a probable Account of the Motions of the Sun and 
Moon, to foretel Eclipſes, and to improve Geography by 
certain Rules. 

This laſt Uſe is that which Prolemy himſelf made of 
his Aſtronomy, He made uſe, as much as poſſible, of 
the known Diſtances of ſome certain Stars, the Elevations 
of the Pole above the Horizon of ſeveral Places, and the 
Compariſon of the Diſtances known on the Earth, with 
a certain Number of Degrees of the celeſtial Sphere, to 
determine by how much the moſt famous Cities were di- 
ſtant from the Equator, which is call'd their La- 
titude; or by how much one is more to the Eaſt, 
than another, which is call'd Longitude ; in ſhort, to 
make Maps infinitely better than thoſe before him. 
Hipparchus. had been reform'd by Pofidonius, who lived 
a little before Chriſt: Poſidonius's Maps were reform'd 
by Marin of Thyr, who lived towards the Middle 
of the firſt Age of the Chriſtian Era: Thoſe of Marin of 
Thyr were reform'd by Ptolemy. But if we now find Fault 
with the Maps of Meſſieurs Jaillot and De Ie, who rec- 
tified ſo many Miſtakes in the Maps and Glob :s compoſed 
before them, we muſt not be ſurprized at the Faults of 
which Prolemy's Maps are full. | 

He knew very well how to obſerve, and make a proper 
Uſe of his Obſervations :- But he could neither be eve- 
ry where, or have every where Correſpondencies. As 
moſt of his Calculations were grounded on popular Mea- 
ſures, commonly taken without Exactneſs or Regard to the 
Obliquities and Crookedneſs of Ways and Grounds ; it is 
ealy to gueſs to how many Miſtakes his Calculations are 
ſubject. In his Time they knew but little of the North- 
ern and Southern Regions, which they thought uninhabit- 
able: Which is the Reaſon why the terreſtrial Diſtances 
that Way were call'd Latitude, whereas they call'd Lon- 


gitude the Degrees of Diftance from the occidental Border 


of Africa towards the Eaſt, becauſe they knew many more 
Countries that Way than from North to South. His 
Maps, which were for a long while the only ones uſed 
by Warriors, Seamen, and Virtu9oſos, haye led Readers in- 
to numberleſs Miſtakes; Africa, for Inſtance, is there con- 
tinued of one Breadth much beyond the equinoxial _ 
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for want of Informations on the Contraction of that large 
Peninſula towards the Cape of Good Hope. Nay, this made 
ſeveral of the Learned affirm, that Africa formerly was 
join'd to America, and that they had been disjoin'd by an 
Earthquake, This Pretenſion is overthrown by what 
Herodotus taught us of the Voyage that was moſt com- 
monly made of old, from the Red- Sea to the Herculean 
Columng. q 

Ptolemy does likewiſe place the Country of the Seres, 
and the other Parts of Aa, at much too great a Diſtance 
towards the Faſt; and we ſhall afterwards ſee, that this 
was the Occaſion of the happy Miſtake of Chriftopher Co- 
lumbus, who looking for China towards the Welt, on the 
Teſtimony of Ptolemy's Maps, found America, which hg 
had not the leaſt Suſpicion of. 

But inſtead of being particular with regard to the Pro - 
oreſs of Geography, I have contented myſelf, my deat 
Chevalier, here to give you a little Map of the World, 
as it was antiently known, and compared with the modern 
one. The latter J have mark'd by very ſmall Lines or 
Strokes in the Map. The Borders of ſuch Countries, as 
were yet either unknown or little frequented, I have left 
undetermined ; and you will there find the whole Southern 
Part of Africa ſunk again into its former Darkneſs, by 


the diſcontinuing of the antient Commerce of Tarſhi/p 
through the Red Sea. 
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H E Jonian Scool, faunded by Thales at Mileium, 

1 having had the firſt Ideas of the Rotundity of the 
Earth, fecms to have firſt delineated the Repreſentations 
of it. We know not, preciſely, who was the Inventor of 
the Globes, one of which repreſents the Heaven, and the 
other the Earth, nor to whom we are indebted for the 
hollow Sphere made up of Circles, ſo cut as that they 
may be ſeen through, and fit to expreſs the apparent Mo- 
tions of the celeſtial Bodies. Theſe Contrivances, ver 
rough and imperfe in their Beginning, were improved by 
Degrees. Hipparebus and Archimedes of Syracuſe, about 
200 Years before Chriſt, Peſidonius ſomewhat more than 
fifty Years before the ſame Period, and Prolemy about 149 
Years after, are the Men, who by the Aſſiſtance of Geo— 
metry and Obſervations contributed moſt to render the 
Serv.ce of Spheres certain and exact, by making it agree 
with the Aſpect of the Heaven, and the Motions of the 
Stars. We may ſufficiently inform ourſelves of the Mil 
takes of theſe great Men, eſpecially of the laſt, with re- 
gard to the Situation and Courſe of the Planets, when ve 
come to the Experiments of latter Ages. Bu Weir Work 
having long been the chief Rule of the Study of the Hea- 


vens, and {till {erving in a plain Manner to account J 
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the Order of our Days in all Countries, let us inform our- 


ſelves of the full Value of what they left us: And we 
may begin with the Structure and Uſe of the Armillary 


Sphere. 


What they call the Armillary Sphere, is ; | 
the "Collin of-Faveral Circles, i. 6if- Bra? 
poſed among themſelves, as to imitate te 
ſeveral Lines, that were imagined in the Heaven to re- 
preſent the Path or Paſſage of the Stars, which revolve 
therein, and the exat Bounds which terminate their 
Courſes, Whatever we perceive in the Heaven, with 
regard to us, is ſeen in a concave Sphere. A convex 
Globe, which is ſeen only without, not being naturally fit 
to repreſent a Concavity to us, they bethought themſelves 
of conſtructing a hollow Sphere, in the Inſide of which 
all the Points which we are concern'd to know, might be 
ſeen, by making it conſiſt of theſe Points only tack'd to- 
gether, and by ee ugh the reſt. 

Each Circle, either great or ſmall, is divided into 360 
Parts, call'd Degrees. Each Degree into 60 Seconds; 
each Second into 60 Thirds; and thus you may proceed 
with this Subdiviſion, as long as you think it fit or poſſible. 
The Diviſion of the Circle into 360 Degrees, has been, 

preferr'd to many others, on account of the Advantage it 
has of yielding many Subdiviſions expreſs'd by even Num- 
bers, eaſy to be disjoin'd or collected: 360 may be di- 
vided into two Halts, each 180“ or into four Quarters, 
cach 90. The Quarter may be divided, as Need requires, 
either into three Limes 30, or into nine Times 40, or 
into ſix Times 15, or into eighteen Times 5. Degrees 
are mark'd with (), Minutes with a little Stroke (), Se- 
conds with two (“), Thirds with three (“%), Fourths 
with four (““), and ſo on. 

The Axis of a Circle is a Line which is 
conceived to paſs through the Centre, and The Axis, 
whoſe two Ends, call'd the Poles, are 
equally diſtant from all the Points tiat The Poles, 
3 the Circle. . | 3 

e Horizon, which incompaſſes the 

whole Sphere, is a Circle placed parallel, The ne 
with regard to the Surface of our Abode, op four ſmall 
: E 2 ; Columns 
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Columas *, faſten'd on a common Foot, or better till, on 
four little Conſoles F, which meet below, to make the 
whole Machine conveniently revolve on a fix'd Foot, by 
means of an iron Pin. 

The Horizon may much eaſier be ſupported on four 
Branches, or on two Semicircles of Paſte-board croſſing 
each other, and faſten'd by a ſimple Foot T. If we ima- 
3 a Line perpendicularly falling on the Middle of the 

orizon, and having both its Ends equally diſtant from it, 
it will be the Axis of the Horizon. The two Points, 

which terminate the Axis, are call'd Ze. 
N A Fig. r. nith and Nadir. The Zenith is above 
ZE, and the Nadir below NA. 

The Meridian, which may be made of Paſte-board or 
of Wood, but more uſefully of Braſs; is a large Circle 
vertically inſerted into the Horizon, into which it enters 
one Half: It njuſt be faſten'd there, without being able 
to deviate eithet to the Right or Left; but it revolves 
freely therein downwards from above, and from below 
upwards, by ſliding in a Groove C, which fixes it upon 
the Foot, and in two Notches D, made in the Circle of 
the Horizon. 

The Axis of the World E F is an Iron Rod, which croſſes 
the ſmall terreſtrial Globe placed in the Middle of the 
Sphere, and reaches from one Side of the Meridian to the 
other. The upper End of this Axis is call'd the Arctic 
Pole AP. The under is call'd the Antarctic or Southern 
Pole 8. P. We muſt not miſtake the Axis of the World, 
extended from Side to Side of the Meridian, for the Axis 
of the Meridian itſelf. If we had a mind to give the Me- 
ridian an Axis, by keeping it equally diſtant from all the 
Extremities of that Circle, the two Ends of it would be in 
the Horizon, and that Line, together with the Meridian, 

_ would cut the Horizon into four Quar- 
83 ters. The two Points, through which 
the Meridian paſſes in the Horizon, are 

call'd North and South : North, on the Side towards 
which the Arctic or Northern Pole N, is inclined : South, 
on the Side under which the Antarctic or Southern Pole 8, 
is found, Ihe two other Points, at which the imaginary 


„ Fig. 3. 1 Fig. 1, N 
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Axis given to the Meridian cuts the Horizon, are the Eaſt 
E, and the Weſt W. Theſe four Points are call'd Car- 
dinal “, becauſe all depends and moves thereon in the 
Operations. 

They beſides make two other Circles T7 
croſs, and revolve on the Axis of the The Cori, | 
World. Theſe are placed the ſame Way Fig. 4. cc, 
as the Meridian, and are call'd the two coef. : 
Colures FF, G G; which Name ſignifies cut or mutilated: 
And very likely they obtain'd it on account of the Notches 
which are made in theſe two Circles, that they may ſupport 
the others which are to be croſs-wiſed faſten'd to them. 

The Zquator, or equinoxial Circle , T 
is placed at equal Diſtances from the two he Eauator. 
Poles of the World, and divides the Globe into two He- 
miſpheres, the one called Septentrional or Northern, the 
other Meridional or Southern, 

The Ecliptic I, is a Circle or Line which 


obliquely cuts the Æquator, and which The ard. 


deviates from it twenty-three Degrees and a Half on each 


Side. 


This Line is exactly in the Middle of a 
circular Band, 16 or 18 Degrees broad, The Zcdiac, 
and called the Zodiac K. The Zodiac is from Cad ia, 
divided into twelve Portions, every one of Animals. The 
which contains 30 Degrees, It incom- c—_ dien 
paſſes the Space of the twelve celeſtial 3 
Signs, under which the Sun is ſucceſſively mal.. 
placed in the Courſe of a Year. They | 
made the Band of the Zodiac 16 or 18 Degrees broad 
that it might incloſe all the Space of the Heaven to which 
the Moon and Planets deviate from the Ecliptic. The 
Sun never leaves that Line: The Moon deviates from it 
to the Diſtance of five Degrees, and ſome Planets ſeven or 
2 Degrees. 8 

e two Points, in which the Ecliptic | - 

cuts the Æquator, are call'd Roa, — 
or Equality of the Day or Night, viz. 


the Equinox of the Spring at the firſt Degree of Aries L; 


and the Equinox of Autumn at the firſt Degree of Libra M. 


* CARDINES, the Hinges of a Door, 
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The Pe ints af ; The two Points, where the Eclſptic de. 
the Solſtices. viates from the AEquator, are the Solſtices, 

or the Bounds of the Courſe of the Sun, 
iz. the Summer Solſtice at the firſt Degree of Cn 
N N, and the Winter Solſtice at the-firſt Degree of Ca. 
pricorn O O. 

; The two Tropics P Q are parallel to 
bo _ ” the Aquator, — which all their Points 
are diſtant 23 Degrees and a Half. When theſe Machines 
are made in large, the true Diſtance is 23 Degrees and 20 
Minutes. Nothing is to be overlook'd, when the Lary:. 
neſs of the Inftrument admits of that Exactneſs. 

_ That of theſe two Circles, which is towards the North, 
is Call'd the Tropic of Cancer, and the other, the Tropic 
of Capricorn; of which it touches tke firſt Degree. 
i Let us give the Ecliptic an Axis: This 
The * n I "2a the Poles of the 
World, or from thoſe of the Equator, 
which are the ſame ; by ſo much as the Ecliptic itſelf de- 
viates from the Equator it croſſes; it recedes 23 Degrees 
and a Half f om it; conſequently the Axis of the Ecli- 
ptic will deviate 23 Degrees and a Half from the two Poles; 
and if we turn the Sphere about, the Ecliptic will always 
have its Axis at the Diſtances of 23 Degrees and a Halt 
irom the two Poles of the World, and there delineate two 
ſmall Circles, one call'd the Arctic Polar Circle R, the 
ether the Antarctic Polar Circle SS. 
1 Finally, round the Arctie Pole, and on 
= © TLOFAry > the Meridian without, the little Circle, 

; call'd the Horary Circle T, divided into 
24 equal Parts, is fix d. On the Extremity of the Axis 1s 
a Hand V, whoſe End reaches to the Circle; ſo that if 
you cauſe the Sphere to make a whole Revolution, the 
Hand, which turns together with the Axis, will ſucceſ- 
ſively paſs over the four and twenty Diviſions of the Ho- 
rary Circle. 

To theſe circular Lines they add two Quadrants, the 
Situation of which muſt be carefully obferved. If you 
introduce in Imagination an Axis in the Plain, and through 
the Centre of the Ecliptic, that Plain deviating from the 
A quator 23 Degrees and a Half on each Side, and reſting 
on the Colure of the Solſtices in NN, and on O = 
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Line, which you make perpendicularly paſs through that 
Plain, will reach the oppoſite Sides of the ſame Colure, 
and exactly at the Diſtance of 23 Degrees and a Half from 
the Pole of the Æquator, in X and Y. Inſtead of an ima- 
ginary Hand, or an Index of Metal, which would in- 
cumber the Sphere, faften in the Point X a Piece of Me- 
tal, or a Pivot, that may repreſent the Remainder of the 
whole Axis of the Ecliptic, which had been taken away. 
Make two Quadrants to revolve on that Point, the one 
larger, the other ſmaller, with a little Interval between 
the two, and having both their Extremities under the 
Circle of the Ecliptic. If you put a little Sun at the End 
of the large Quadrant Z, and the Figure of the Moon at 
the Extremity of the ſmaller Quadrant A A; by puſhing 
with your Finger the two Quadrants, either together or 
ſepazately, and contrary Ways, you of Neceſlity muſt ſee 
the little Figures of the Sun and Moon moving, under 
ſome of the Points of the Ecliptic ; ſince theſe Quadrants, 
which are both of go Degrees, revolve round the Axis X, 
diſtant ꝙo Degrees on every Side, with regard to the Ecli- 
ptic I. For this Reaſon, they make up the Quadrant of 
the Moon of two broken Pieces, to make the Moon de- 
cline ad /ibitum, and expreſs pretty nearly its Deviations 
from the Ecliptic. - I forgot to tell you, that in order to 
ſet theſe two Quadrants freely in Motion, the Axis of the 
World E E muſt be cut in B B, to leave them a Paſſage. 
The reſt of the Axis E, being Iron, will always preſerve 
its Place without any Diſorder. 5 705 ä 
They then reckon in the Sphere ſix great Circles, fre 
little ones, two Quadrants, and twelve principal Points. 
The ſix great Circles, whoſe Plains paſs through the Centre 
of the terreſtrial Globe placed in the Middle of the whole 
Machine, and which cut the Earth into two equal Parts, 
are the Horizon A, the Meridian B, the two Calures F, 
6, the Zquator H, and the Ecliptic I. Ther fwe 
little Circles, which cut the Sphere into unequal Portions, 
are the two Tropics PQ, with the Polar Circles BB, 8.8, 
and the Horary Circle T, which is not ſo much in, as 
annex'd to the Sphere. "The Points of more important 
Uſe are the Zenith Z E, and the Nadir N.A, the Arctic 
Pole AP, and the Antarctic S P, the North N, and the 
South S; in the Interſettions of the Meridian withithe 
3 Horizon, 
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Horizon, the Eaſt E, and the Weſt W, in the ſame Cir 
cle; the Equinoxial Points L, M, and the Points of the 
Solſtices NN, OO. Then let us join to the Axis E E, 
Which ſupports the Whole, the End of the Axis of the 
Ecliptic, with the two Quadrants, the one ſor the Sun Z, 
the other for the Moon A A, and we ſhall have all the 
Pieces together. Let us now come to the principal Uſes 
made of them: In the mean time you will learn the Rea- 
{ons of the Names given them. 

Firſt let us obſerve what moſt concerns us in Nature, 
The Sun, which lights us, ſeems every Day to advance 
From Eaſt to Weſt. Beſides, we fee it daily changing, 
in a regular Manner, the Points of its Riſing and Setting, 
and yearly paſſing through the fame Points again. It then 
has two Motions, the one call'd diurnal, the other call'd 
annual. 'The Quadrant Y Z will now illuſtrate both theſe 
Motions, and though they be contrary to each other, no. 
thing is more eaſy to be conceived, than the meeting of 
both in one and the ſame Star. Bring the Sun Z to the 
Vernal Equinox L, and cauſe the =. en to make an in- 
tire Revolution from Eaſt to Weſt : The Sun placed in the 
Heavens will be carried away with the Sphere, It will 
aſcend and deſcend : You will fee it move ſrom Eaſt to 
Weſt, and ready to begin the ſame Revolution again. It 
never leaves the Point of the Ecliptic where it is, and yet 
you ſee it deſcribe in Space a Line perfectly like the Æqua- 
tor; ſo long as the Revolution of the Sphere continues, 
you fee it juſt under the Æquator. If after this Revolu- 
tion you give the little Sun a gentle Thruſt, and cauſe it 
to advance towards the Eaft, you may then bring it under 
the Meridian, ard ſee by how much it will be diſtant from 
the ZEquator, of two, or twelve, or twenty-three De- 
grees, 'as you pleaſe, If the little Sun is two Degrees 
diſtant from the Æquator, and you cauſe the Sphere to 

' revolve from Eaſt to Weſt, it will paſs through all the 
Points of Space which are two Degrees diſtant from the 
Aquator. If it happens to be 23 Degrees diſtant from it, 
it will paſs through all the Points of Space 23 Degrees 
diſtant from the Æquator. If you join all theſe Points in 
Imagination, you will make of them a diurnal Circle pa- 
rallel to the Aquator, and which will expreſs the Revo- 
tution of the true Sun placed at two, or ten, or twelve, 
IT ; or 
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or twenty-three Degrees from the celeſtial Æquator. Your 
imaginary Sun has two Motions; the one by which you 
make it go from one Degree to another, and from Weſt 
to Eaſt under the Ecliptic, whence it never deviates; the 
other, by which the whole Sphere, of which it is a Part; 
carries it away in a quite contrary Manner from Eaſt to 
Weſt, We may conceive, that it is the ſame with regard 
to the true Sun. Let us ſuppoſe the Heavens to revolve 
from Eaſt to Weſt; the Sun, which makes a Part of them, 
is carried away from Eaſt to Weſt with the whole Maſs 
of the Heavens: And this is the daily Motion. Let us 
likewiſe ſuppoſe, that the Sun has a peculiar Motion, by 
which it advances by very {low Steps in the Ecliptic, going 
from Welt to Eaſt : This ſhall be the annual Motion. We 
then ſhall ſee it appear ſometimes under the Æquator, 
ſometimes it ſhall reach the Tropic ; then be found be- 
tween the two: After that it ſhall repaſs the Æquator, 
and by continuing its proper Motion under the Ecliptic, 
by little and little reach the oppoſite Tropic, without ever 
advancing farther, becauſe it never leaves the Ecliptic. 

The Combination of theſe two oppoſite Motions may, 
as we already remark'd in regard to the Moon, be ex- 
plain'd by the Motion of a Fly placed on the Edge of the 
broad Wheel of a Crane wrought by Hands, While the 
Wheel deſcends the Fly may crawl upwards : The Wheel 
has one Motion, the Fly has another : But that of the 
Moon is not preſently perceived. On the contrary, it- 
appears to be carried away as well as the Wheel. How- 
ever, if the Fly, always aſcending in a contrary Direction 
to that of the Wheel, obliquely paſſes from one Edge to 
the other, though we ſee it conſtantly in the Air deſcribing. 
Lines parallel to either Edge; we alſo ſhall ſee it arrive 
lometimes at the Middle of the large Wheel, {and this 
repreſents the Sun in the Aquator):. It ſhall afterwards 
arive at one Edge or the other (and this repreſents the 
Sun in the Tropic). Therefore the daily Motion of the 
dan from Eaſt to Weſt is not, properly ſpeaking, the 
Motion of the Sun, but of the Heaven to which it is fix'd : 
The paſſing of the Sun over all the Degrees of the Ecli- 
ptic, going from Weſt to Eaſt, according to the Antients, 
is the true Motion of that Star, 
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The Sun being by this his pecaliar Motion got to the 
Point of the Ecliptic, the molt diſtant from the Æquator, 
as NN or OO, if that Point be carried away with the 
Heaven, it can be only on a Path every where diſtant 
twenty-three Degrees and a half from the Zquator ; and 
this was repreſented by the Circle of the Tropic, which 
the Sun ſhall ſeem to deſcribe when arrived at that Point, 
They give that Circle the Name of Tropic and Solſtice; 
the latter“, becauſe it is the Bound of its Courſe, or of its 
Diſtance, with regard to the Aquator ; the former, Je. 
pic, or, Reverſion ; becauſe the Sun, as it purſues it: 
Courſe through the Ecliptic, leaves that parallel Circle to 
draw near the Æquator again. 

You may give the Moon A A the ſame Motions you 
cauſed the Sun to make. If you bring the Moon between 
the Sun and the Earth, you will have an Eclipſe of the 
Sun: If you put the Earth in the Middle, it is an Eclipſe 
+ of the Moon. 

As we ſtudy the Heaven only to know the Relations it 
has to the Earth, let us now transfer all the Circles juſt 
mention'd, to a terreſtrial Globe of a reaſonable Size, and 
where every thing may he better perceived than on the 
little Globe found in the Centre of common Spheres, 
which are generally rough and imperfect. You fee, Sir, 
that the Poles of that Globe will correſpond with the cc- 
leſtial Poles, and make a Part of the Axis of the World: 
That by delineating on that Globe a Line equally diſtant 
from both Poles, you will have an Zquator in all Points 
correſponding to thoſe of the celeſtial ZEquator; that by 
delineating on it the other Lines with the ſame Propor- 
tions, and in the ſame Degrees, you will have a tcrreſtri:l 
Ecliptic, two Tropics, two Polar Circles, and in fhort, 
all the Points correſpondent with thoſe of the Heaven. 
All theſe Lines, transferr'd from the celeſtial Sphere on 
a Globe, divide it into as many Bands or broad ciiculat 
The 1 Portions, which are call'd Zones. The 
: Space round the Globe contain'd between 
the Tropics, is call'd the Torrid cr burning Zone; becauſe 
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the Sun never leaves it. The two Spaces between the 
Tropics and the two Polar Circles are the Temperate 
Zones, one Northern, the other Southern. The Spaces 
incloſed within the Polar Circles are the Frigid Zones. 
Now place your Globe within a Meridian that ſupports 
its Axis, and put the whole in an unmoveable Horizon, 
wherein the Meridian may ſlide, and the Globe freely re- 
volve. You may then at your Choice, and as Occaſion 
requires, operate either upon the Sphere or on the ter- 
reſtrial Globe. What we ſhall ſay of theſe Lines, and of 
the Uſes made of them, is equally to be underſtood of ei- 
ther of theſe Inſtruments, which we ſhall handle alternately. 
Of all the Circles the Horizon alone 
has a ſenſible Exiſtence in Nature. The The Origin of 
others are almoſt made up of a Train of the Horizon. 
Points, through which the Sun or ſome 
other Star ſhall have paſſed. Theſe Points may be a 
real Paſſage: But they are not ſeen, and can only be 
conceived ; whereas the Horizon is compoſed of all the 
Points that bound our Sight“, or which determine that 
Half of the Heaven, or upper Hemiſphere, which we ſee. 
and mark out the Separation of it from the inferior He- 
miſphere, which we do not ſee. Theſe two Halves of the 
Heaven are equal, or nearly ſo: For the Earth being as a 
ſingle Point, in compariſon of the ſtarry, Heaven, the Ob- 
liquities, and even the whole Body of the Earth, are here 
of no ſort of Conſideration. They hinder not the Earth 
from being but a ſingle Point, in the Line or Planet that 
divides the Heaven into two Parts. They hinder not the 
Eye, placed on that Point, from ſeeing the Upper-half 
as large, or almoſt as large as the Inferior: And in reality 
we ſee the Stars diametrically oppoſite, as the Hyades, 
which are in the Forehead of Taurus on one Side, and 
thoſe of the Scorpion on the other, appear on the two op- 
polite Borders of the Horizon at the ſame Time. ; 
8 nw of every Place being deter- : 
mined by two vertical Points, the one Supe- of 
rior, call'd Zenith ZE, the other Inferior. = 4258 
call d Nadir NA, both diſtant go Degrees, in Spheres, 
from the Borders of that Horizon; if you - 


leave that Place, and change your vertical Points; you f 
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courſe change alſo your Horizon ; and if you advance 
under a new Zenith, five, ten or twenty Degrees diſtant 
trom the firſt, the new Horizon likewiſe will diſcover five, 
ten or twenty new Degrees of the Heaven before, and 
hide as many behind us, becauſe the Horizon is always, 
and on all Parts, go Degrees diſtant from the Zenith. 
We therefore ought to have a moveable Horizon, that 
might be turn'd ad libitum, in order to repreſent the Ho- 
Tizon of every Point of the Earth: But it is one and the 
ſame Thing, to place the Horizon at go Degrees Diſtance 
from whatever Point you may be pleaſed to chuſe in the 
Globe, or to turn the Globe itſelf, and bring the pro- 
poſed Point to go Degrees from the Horizon. For this 
Reaſon they have made the Horizon firm and unmove. 
able in Spheres; becauſe it, as it were, multiplies itſelf, 
and by the Mobility of the Globe becomes the Horizon 


of all the Points of the ſame. But we cannot find the 


Horizon of any Place propoſed, without knowing the 
Uſe of the Meridian. 
: The Meridian is a great Circle that 
The 3 c Padles through the Poles of the Sphere, 
the Meridian through the vertical Points of a pro- 
poſed Place, and through ſome Point of 
Zquator. If we go from North to South on one and 
the ſame Line, *tonceived and delineated after this man- 
ner, we change not our Meridian: But if we go from Eaſt 
to Weſt, we inceſſantly change our Meridian, and we 
may reckon as many Meridians as there are Points in the 
Equator. However, as a ſingle Horizon is ſufficient in 
the Sphere for all the Points in the World, a ſingle Meri- 
Gian kewiſe may become the Meridian of any Place; 
ſince by turning the Globe you may bring what Place 
you pleaſe under the common Meridian, which will ſup- 
ply the Place of all others. 
As the Horizon cuts the World into two Hemiſpheres, 
ſo the Meridian cuts the Horizon into two equal Parts; 
the one Eaſtern, where we ſee the Stars aſcend, the other 


Weſtern, where we ſee them go down. The Duration of 


the Day is that Time, in which the Sun appears in our 
Hemiſphere. The Meridian which divides that Hemiſphere 


into two equal Parts, does of courſe alſo cut the Duration of 


the Day into two equal Portions: It is Mid-day when the 
gun touches that Circle; and for this Reaſon it is call d 
Meridian, or the Divider of the Day. The 
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The chief Uſes, to which the Sphere 
and Globe are applied, depend 2 the b 
Knowledge of the Points mark'd on the 
Meridian and the Horizon. 

The Points mark'd on the Meridian are, Firſt, The 
360 Degrees of the Circle, diſpoſed in four Nineties, 
which are reckon'd from the Æquator to the Poles. Se- 
condly, The Climates, or ſucceſſive Increaſings of the 
Days from the Æquator to the Poles. i 

The Points mark'd on the Horizon are of three Kinds: 
Firſt, on the Inner- border of the Horizon were brought 
down the 360 Degrees of the Ecliptic, together with the 
twelve celeſtial Signs, which were placed by Thirties, pla- 
cing the firſt Degree of Aries and the firſt of Libra, in 
the two Points where the Axis of the Meridian, if it had one, 
would certainly have been. Secondly, The next Circle in 
the Horizon contains the twelve Months and the 395 
Days of the Year, over-againit thoſe Degrees of the Ec- 
liptic under which the Sun is in every one of theſe Days. 
Thirdly, The laſt Round of the Horizon contains the 
Names of the Winds, according to their ſeveral Quar- 
ters. 

This Order of the Horizon is the ſame 
in the Armillary Sphere, in the terreſtrial The Preceſſion 
Globe, and that which repreſents the Hea- 2 — 
ven at large, with the Animals after which the Stars are. 
named. But making uſe of a celeſtial Globe, you, per- 
haps, will be ſurprized not to find the Kalendar of the 
Horizon agreeing with the Marks or Figures of Ani- 
mals which are delineated in the Ecliptic on the Globe 
elf. In the Horizon, the 1oth of March correſponds 
with the firft Degree of Aries, and that firſt Degrees touches 
the Equinox of the Spring, or the Interſection of the 
Ecliptic on the firſt Degree of the Æquator on the Eaſt 
vide, You likewiſe will find there the 11th of June 
mark'd over- againſt the firſt Degree of Cancer, where 
1s the Point of the Ecliptic the moſt deviating from the 
Aquator; and that is the Summer-ſolſtice. You then 
will ſee there the 12th of September placed over-againſt 
the firſt Degree of Libra, and at the other Interſection of 
the Ecliptic, on the 1 goth Degree of the Æquator, which 
is the autumnal Equinox. Laſtly, you ſee the 11th of 
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cember placed over- againſt the firſt Degree of Capricorn, 
where the Ecliptie declines moſt from the Æquator toward 
the South Pole: And that is the Winter- ſolſtice. If from 
the Edge of this Horizon you carry your Eye to the ter- 
reſtrial Globe, you will there indeed find the compendious 
Mark or Character of Aries, near the Interſection on the 
firſt Degree of the ÆEquator; but the Stars themſelves of 
Aries, and the Figure of the Animal, which compre- 
hends them within its Extent, are thirty Degrees farther 
towards the Eaſt. All the compendious Marks of the 
other _ are placed on the reſt of the Ecliptic as they 
are mark'd on the Horizon. But the Signs themſelves, 
or the Animals with their Stars, begin 30 Degrees far. 
ther towards the Eaſt. Whence then can this prodigious 
Difference between the Kalendar of the Horizon, and the 
Order mark'd on the Globe, proceed ? 

This Difference is what they call the Preceſſion of the 
Equinoxes. The firſt Aſtronomers, who conſtructed the 
Sphere, took care to place the firſt Degrees of the Signs 
Juſt named, at the Points of the Equinoxes and Solſtices. 
They had reckon'd thus of a long time, and were perſuad- 
ed, that the Stars ſeen in thoſe Points never left them, 
However, they obſerved by Degrees, that the firſt Star of 
Aries deviated by the. Space of a Degree from the Point 
of the Equinox towards the Eaſt, and that within the 
Space of ſeventy Years; and now all the Signs are at 
laſt advanced 30 Degrees towards the Eaſt, and di- 
ſtant from thoſe Points to which they gave their Names. 
But theſe Points ſtill keep the Names of the Signs, which 
are no longer there: Though the Sun, on the 1oth of 
March, be under the firſt Degree of Piſces, they ſtill ſay, 
as formerly, that it enters Aries on that Day. It 1s the 
ſame with the reſt reſpectively: Which, by the bye, is a 
new Matter of Shame and Confuſion to Aſtrologers. They 
= to Libra benign and favourable Influences, to the 

orpion Malignity, and the other Signs Effects agreeable 
to the Nature of the Animals or Objects of which theſe 
Signs bear the Names. More eſpecially they pretend, 
that the whole Activity of the Influence appears, the 
Moment when ſuch or ſuch a Sign begins to aſcend the 
Horizon: But their Pretences are moſt frivolous ; ſince, 
when they ſay a Man is born under the — 4 
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ſpect of Scorpio, it was really the Sign Libra which 
came above the Horizon, the Moment of that Man's 
Birth, and it is the Sign Gemini which aſcends, when 
they talk of Cancer, and ſo of the reſt. | 

As the whole Sphere, or Globe, may ſucceſſively have 
all their Points brought under the Meridian, and the 
Meridian may lower or heighten the Axis of the World, 
by liding within the Notches of the Horizon; it is an 
eaſy Matter for us to determine the Aſpects of the Hea- 
ven, with regard to all the People of the Earth ; to mea- 
{ure the Diſtances of Places; to know the Duratian of 
Days and Nights for ſuck and ſuch Places ; the Moment 
of the Rifing and Setting of the Sun, the Hour of its 
being in ſuch or ſuch Place, when it is Mid-day in ano- 
ther; in ſhort, to anſwer, by the Help of a Sphere or a 
Globe, all the Queſtions relating to the Situation of Places, 
either with regard to each other, or with regard to the 
Sun and the whole Heaven. 

= we have a mind to know the ſeve- 
rat Horizons of Nations, and the Manner 
in which they ſee the Sun, we muſt begin —— 
by looking in the Aſpect of the Heaven, Heaven. 
with regard to thoſe People who are un- 
der the Æquator. And that we may judge of all by a 
lingle one, et us for Inſtance take the City of Quito, ſitu- 
ated on the northern Limits of Peru, at a Diſtance pret- 
ty nearly equal from both Poles of the Earth. 

* Bring 2uito under the Meridian: The Degree of the 
Meridian, which ſhall correſpond to it, will be the Ze- 
nith of Quito. Raiſe tnat Zenith above the Horizon, till 
you may reckon go Degrees from that Point to the Hori- 
zon: Then you will perceive the two Poles of the World 
brought into the Horizon. Quito has then its Zenith in a 
Point of the celeſtial Equator, and at go Degrees Diſtance 
from each Pole of the World, In this Situation, the - 
quator, and all the Circles parallel to it, will cut the 
Horizon directly, and without inclining on one Side more 
than on another. The Horizon reciprocally cuts the 


* You may, in order to make the Meridian move without any 
Hindrance, take off the two Screws that fix the Horary Circle on the 
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Equator, and all the —_ paralle] to it, into equa! 
Parts. This is what they call the Reg. 

22 angular Horizon, or a Right Sphere. The 
Reſults of this Situation are theſe: 

We have Day ſo long as the Sun remains above the 
Horizon: Now all the Gircles, which the Sun deſcribes 
from one 'Tropic to the other on the Horizon of Quite, 
are cut into two equal Portions by that Horizon, ſince 
they fall thereon directly. The Days are then equal there 
to the Nights, all the Year; that is, the Day 1s twelve 
Hours, and the Night the ſame. 

As the Sun there deſcends directly under the Horizon, 
it goes much quicker from it, than if it ſunk obliquely un- 
der it. Therefore the Twilight muſt be ſhorter at Q, 
than in thoſe Places where the Sun croſſes the Horizon 
obliquely. 

The Sun 1s three Months in its Paſſage through the Ec. 
liptic, from the firſt Degree of the Æquator to the Tro- 
Pic of Cancer, and three Months more in its Return to 
the Æquator, or the firſt Degree of Libra. When it is 
come to that Point of the Ecliptic which cuts the Æqua- 
tor, it is carried by the Motion of the Heavens, on a Cir- 
cle which repreſents the celeſtial Æquator, and which pal- 
ſes vertically over all the Points of the terreſtrial ZEqua- 
tor. It then at that Day paſſes through the Zenith of 
Quito, and will again paſs over it fix Months after. The 
Inhabitants of Quite, and all ſuch as live under the E- 
quinoxial Line, will then twice in a Year ſee the Sun per- 
pendicularly paſling over their Heads. 

ES Let us now leave the Equinoxial Line, 

The —_ _ and make choice of ſome other well known 
25 o place in the torrid Zone: For Inſtance, 
Mexico, the Capital of New Spain. I bring 

this under the Meridian, and find that it correſponds to 
the zoth Degree mark'd on that Circle. It has then a 
Zenith 20 Degrees diſtant from the foregoing, and from 
the celeſtial ZEquator in which the Zenith of Quo 15, 
When we were at Quito, our Horizon touch'd both Poles. 
All the Stars, revolving round the Poles with the Heaven, 
roſe and ſet in that Horizon. The Horizon of Quito cut 
in half all the Circles deſcribed by each individual Star. 


The Points of the Poles alone remain'd invariable, and - 
| the 
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the Horizon. But now we are brought to Mexico, it is no 
longer thus. We have removed twenty Degrees from the 
Aquator towards the Arctic Pole. Our Horizon muſt 
ro longer terminate in the Arctic Pole, but be twenty De- 
grees lower down, and riſe behind us twenty Degrees 
above the Antarctic Pole, which will then be hidden. We 
therefore determine the Horizon of Mexico, and of any 
other Place, by elevating the Pole above the Horizon, as 
many Degrees as the Place intended is diſtant from the 
Xquator. For, bringing the Horizon under the Pole, or 
elevating the Pole above the Horizon is one and the ſame 
thing ; and we only elevate the Pole, becauſe the Horizon 
is fix'd both in Globes and Spheres. 

In this new Diſpoſition of the Sphere which is called 
Oblique, I find every thing different. The Æquator alone 
is cut into two equal Parts by the Horizon. The Tropic 
of Cancer, which is nearer the elevated Pole, is more 
above than it is under the Horizon ; and the Tropic of 
Capricorn on the contrary, which is nearer the depreſs'd 
Pole, is now cut by the Horizon mto two unequal Parts, 
the ſmaller of which is in the viſible Hemiſphere, and the 
larger in the inferior. All the Circles parallel to the E- 
quator, which the Sun deſcribes from Day to Day, by the 
Motion of the Heaven that carries it with itſelf, will be 
proportionably cut with the ſame Inequality. The Ine- 
quality will be leſs, in Proportion as the diurnal Parallels 
ſhall be leſs remote from the Æquator. The Portion of 
the Circle the Sun ſhall deſcribe above the Horizon of 
Mexico, will always be ſmaller and ſmaller, as it draws 
towards the Tropic of Capricorn. This diurnal Arch 
will conſtantly increaſe, in its Progreſs towards the Tro- 
pic of Cancer. Hence the Increaſe of the Length of 
the Days, and the Diminution of the Nights, towards 
tie Summer-ſolſtice. Hence the Decreaſe of Days and 
the Length of Nights, as the Sun approaches to the Win- 
ter Solſtice : Hence in ſhort, the Equality of the Day and 
the Night, when the Sun deſcribes the Arch of the Æqua- 
tor; ſince the Horizon of Mexico, cutting that Circle in- 
to two equal Parts, renders the diurnal Arch equal to 


6 which the Sun paſſes through in the lower Hemi- 
phere. | 
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Next we ſhall obſerve, that the Sun being come ir the 
Ecliptic to 20 Degrees of Declination from the Ægquator, 
that Day deſcribes, by the Motion of the Heavens, 
Circle parallel to the Equator, and paſting through al 
the Points which are twenty Degrees diſtant from the 
ZEquator. It will then paſs through the Zenith of 1exic, 
Continuing its Progreſs in the Ecliptic, it will decline from 
Mexico only three Degrees and a Half towards the North, 
before it arrives at the Solſtice ; fince the moſt declining 
Point of the Ecliptic is but 23 Degrees and a Half diſtan 
from the Æquator. Continuing its Courſe in the Ecliptic, 
it will neceſlarily repaſs the Declination of 229, then gra- 
dually proceed to that of 21, and at laſt, that of 20 De. 
2 It will therefore on that Day deſcribe, anew, a 

arallel, which will paſs again through the Zenith of 
Mexico. It will then, twice in a Year at Noon, pal 
directly over the Heads of the People of Mexico; and ſo 
generally over that of all the Inhabitants of the toxrid 
Zone. For, if I bring for Inſtance the Town of L: 
Plata * on the Horizon, and the Mines of Pote/fi, which 
are on the Borders of Peru in South- America, nearly equal. 
ly diſtant from the ZEquator, by raiſing the Antarctic Pole 
18 or 20 Degrees above the Horizon, I ſhall find the very 
ſame Effect, and with a Diſpoſition intirely alike. - Only 
the Days, which were the ſhorteſt at Mexico, will be the 
longeſt at La Plata, which lies on the other Side of the 
Agquator. 

Let us now return to Mezico, and ſee what are the 
Days of the Year when the Sun is to paſs through the 
Zenith of that or any City. The Operation for one wil 
ſerve as a Rule for all the reſt: We need only ſee what 


tieth Degree of the Meridian, where I am inform'd that 
the Zenith of Mexico is. By turning round the Globe, | 
ſee two Points of the Ecliptic paſſing under the twentieth 
Degree of the Meridian. Firit, 1 ſee the 26th Degree of 
Taurus, and continuing the Revolution, the third Degree 


* La PLArA, in SeAN1SH, the SiLveErR, The Silver City, thus 
called on account of the Mines of that Metal in its Neighbourhood. The 
have ſince abondon'd them, to beſtow the more Pains on the Silver Mine 
of PoT051, cighteen Leagues from La PLATA, of 


Of te GL OB ES. 235 


of Les paſſing under it. I look out, in the Horizon, to 
know what Days of the Year correſpond with both theſe 
Points. I find that the 18th of May anſwers to the 26th 
Degree of Taurus, and the 26th of July to the third De- 
prec of Leo, I then thereby know, that the Sun paſſes 
perpendicularly over Mexico on the 18th of May, and the 
26th of July; and as it recedes but very little from the 
Zenith of Mexico, before it comes to the Solſtice, which 
declines but three Degrees and a Half from it Northward ; 
the Sun, for three Months together, paſſes at Noon al- 
molt directly over that City, and the Heads of all the Peo- 
ple near the Tropics: The Summer ought conſequently 
to be much more inſyfferable there, than in the Middle of 
the Torrid Zone, and under the Equinoxial Line, from 


which the Sun deviates much faſter. But we have already 


obſerved * from the general Conſent of Travellers, that 
by a ſpecial Providence of the Creator, the Eteſian Winds 
bring towards the Tropics, when the Sun draws near them, 
ſuch a aſt Quantity of Fogs and Rains, that the Summer, 
which would otherwiſe burn them, in reality becomes 
their Winter, or the coldeſt Seaſon they have. 

As the Pole is twenty Degrees above the Horizon of 
Mexico, the Stars, which are T6 than twenty Degrees off, 
will never ſet with regard to that City; ſince the Circles 
they deſcribe never fall under the Horizon, and are never 
interſected by it. Therefore the Ur/a minor will be ſeen 
every Night at Mexico, But the Ur/a major, which is a 
great deal more than 20 Degrees diſtant from, the Pole, 
ſhall riſe and ſet there. Whereas it is always ſeen in our 
Climate, becauſe as we are 49 Degrees diſtant from the 
Equator here at Paris, our Pole is ſo much elevated. 
Now the Limits of the Circle, which the ſeven Stars of 
the Chariot or Charles-Wain deſcribe round the Pole, 
recede only forty Degrees from the Pole: They then do 
not go down under the Horizon: Nor do they ſet with 
tegard to us, 

Let us now bring under the Meridian ſome Country that 
lands in the Middle of the Temperate Zone, as Hungary, 
Aiſeria, France, Acadia, or the French Colony, which 
"0 inhabits both Sides of the River St. Lawrence, We 
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for Inſtance ſhall find Quebec, which is'the capital Tong 
of New France, 47 Degrees diſtant from the Zquater, benea 
The Pole, elevated 47 Degrees above the Horizon, 21 hen 
give us the Aſpect of the = anſwerable to the Sit. will t 
ation of the capital Town of Canada. In this Situation Wil 12h"! 
we fhall ſee one Half of the Æquator above, and one Wil there 
Half under the Horizon; but at the ſame Time all the it; B 
diurnal Parallels cut with a greater Inequality than they le 0 
were at the Horizon of Mexico. The Tropic of Cann, eme 
which riſes above the Horizon, together with the Pole of w] 
adjacent, is almoſt two thirds elevated above the Horizon. Hori 
The Day muſt then, in the Time of the Solftice, be there "_ 
almoſt two thirds of four and twenty Hours long. On ll Hor 
the contzary, the Horizon cuts the Line of the Tropic of il ane 


Capricorn in ſuch a Manner there, that it is almoſt two Gate 
thirds ſunk under the lower Hemiſphere. Days muſt then leſs t 
be there but eight Hours or ſomewhat more, towards the an 
twenty-ſecond of December. We ſhall ſoon ſee, how the fag 
little Horary Circle, with its moving Hand, ſhews us the dus 


Duration of Days on every Horizon, without Trouble or 
Calculation, 

Let us fix our laſt Station within the Space which ex- 
tends from the Æquator to the Pole, and ſtop at Tornes, a 
large Town which we find at the Bottom of the Gulph 
of Bothnia, terminating the Ballic- Sea, at the Entrance of 
Lapland, and almoſt under the Arctic Polar Circle. Torre, 
when brought under the Meridian, there finds its Zenit! 
at the Beginning of the 67th Degree of Diſtance from the 
Equator. The Pole, elevated as many Degrees above 
the Horizon, carries with it the Tropic of Cancer, ſo far 
as to keep it wholly above the Horizon, or touching the 
Horizon with its lower Extremity. As the Pole is there 
elevated 67 Degrees, there can remain but 23 Degrees 
from that to the Zenith, for completing the Number 90 
Degrees. There are from that Zenith to the Aquator 
the 67 Degrees which ſerved me for a Rule, and from the 
ZEquator to the other Tropic 23 Degrees, or a little more, 


which are in all the other Degrees that reach on the * 
oppoſite Side as far as the Horizon. The Horizon of ap 
Torneo does then touch on one Side the lower Border 0! 5 

the Tropic of Cancer, and the higheſt Point of the Tro- H 


Pic of Capricern on the other. Thus the whole Trophy 
0 
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of Cancer is above, and the whole Tropic of Capricorn 
beneath the Horizon. In the Middle of the Summer, 
when the Sun deſcribes the Tropic of Cancer, the Day 
will there be four and twenty Hours long. The Sun, by 
lightly touching upon the Horizon, perhaps will meet 
there with ſome Eminence, and poſſibly hide itſelf behind 
it: But it will riſe and be ſeen again an Inſtant after. On 
the contrary, the Sun being, on the 22d of December, 
come to the Tropic of Capricorn, ſhall deſcribe a- Circle, 
of which there will not be the leaſt Portion above the 
Horizon. It will therefore not be ſeen there for four and 
twenty Hours together : At moſt it will riſe above the 
Horizon with its upper Extremity only, and by a few 
wandering Rays ſhew the Day-break ; but it will imme- 
diately fink back again into the inferior Hemiſphere ; un- 
leſs the Refractions, occaſion'd by the Atmoſphere, make 
it viſible for a few Minutes above the Horizon, while it 
is really under it. I need not repeat to you, that in all 
Situations of the inclined Sphere, the Æquator has always 
one Part above the Horizon, equal to that which is under, 
whence comes the Univerſality of twelve Hours Day and 
twelve Hours Night all over the Earth, when the Sun 
is deſcribing the Equinoxial Line. The Reaſon of the 
Diviſion of the Æquator into two equal Halves for all 
Horizons, and of the Diviſion of the Parallel Circles into 
wo unequal Portions, is grounded on the Horizon and 
the Equator's being two great Circles having the ſame 
Centre, viz. that of the Earth; whereas the diurnal Pa- 
rallels, which the Sun deſcribes from the Equator to 
both Tropics, recede more and more from that Centre to- 
wards the Poles : Whence it follows, that the nearer theſe 
Parallels draw toward the elevated Pole, the more they 
themſelves riſe above the Horizon, and there prolong the 
Day. On the contrary, the more they ſink under the 
Horizon towards the Pole depreſs'd, the more they leſſen 
the Length of the Day above the ſame Horizon, while 
they lengthen it in the inferior Hemiſphere. 

It now remains, that we ſhould place ourſelves under 
the Pole, and examine the Aſpect of the Sun, with regard 
to ſuch as have the Pole itſelf for their Zenith. If that 
Part of the World is habitable, they muſt needs have the 
Horizon in the Æquator; for the Pole and the Zenith be- 
ing 
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ing the ſame thing, they both find the Zquator and ths 
Horizon at go Degrees Diſtance on every Side. The) 
The Parallel are united or become parallel to each 
Sphere, or the Other: For which Reaſon, this Diſpoſition 
Parallel Horizon. of the World is call'd the Parallel Sphere, 

- You ſee the Conſequences of it. The 
Sun is fix Months together on this ſide the Equator to. 
wards the Arctic Pole, and fix Months on the other, If 
the ÆEquator is the Horizon of the People which dwell un. 
der the Pole, they would ſee the Sun going ſix Months 
together round them, riſing by Degrees, during the firſ 
three Months, to the Height of twenty-three Degrees and 
a Half, and during the other three Months ſinking by 
Circles diſpoſed in the Form of ſpiral Lines ; till about 
* the 26th or 27th of September, deſcribing a Parallel Cir- 
cle, which then begins to recede from the Equator, it 
quits their Horizon alſo, 

Are then theſe People for ſix Months together 
buried in profound Darkneſs? Far from it. They enjoy 
a perpetual Aurora, till the Sun is fallen 18 Degrees, or 
perhaps more, under the Aquator, or the Horizon, 
which are here the ſame Thing. The Sun is two Months 


before he gets thither, and in two Months more he an 
comes thither again, and begins a new Twilight, which as 
promiſes Day two Months ce the Riſing of the Sun. AX 
Reckoning theſe Twilights for a Part of the Day, they th 
are inlighten'd ten Months together, and during the two th 
Months of their Night, the Moon going twice the ſame P; 
Courſe which the Sun makes in a Year, they ſee it Pa 
above their Horizon two half Months of that Time: fr 
Thus they paſs no more than two Fortnights all in en- po 
rire Darkneſs. Nay, we may affirm, from a Multitude D 
of Accounts, that the Twilights being much greater ec 
towards the Poles than in our 3 oy enzoy them 

even before the Sun has reach'd the 18th Degree fron ot 
their Horizon : $0 that they have no Nights abſolutely di 
dark, and even are, ſtrictly ſpeaking, of all Nations, th 
thoſe that have the greateſt Share of the Benefit of the fo 


* I fay the 26thz rather than the 2 3d, becauſe they may ſee the 1 
by Refrattion many Days after it has paſo d the Zquator, which is! 
Horizon of the Inhabitants of the Pole. 


Light, 
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Tight. We have at preſent no Certainty, that there 
rc any People immediately under the Pole; ſo that we 
are not affirm it: But the Thing is very poſlible ; and 
e know, from the Accounts of the Danes and Norave- 
as, that the Situation of the Greenlanders, and of ma- 
Ry Tartars, who are as fond of their Country as we 
ff ours, is pretty near the ſame as that juſt deſcribed, 
\ nicer Re a= 4 would here be very needleſs. You 
e what Method is to be follow'd, to be certain when 
he Tropics are, or are not cut by the Horizontal Cir- 
le: On this Knowledge depends the Study of the 
Length of the Days in every Country. 

Now, in a few Words, let us recapitulate what re- 
BY::cs to the Horizon. The Zenith is either in the E- 
guator, or ſomewhere between the Z/Equator and the 
Pole, or, in ſhort, the Pole itſelf is the Zenith. Thoſe, 
ho have their Zenith in the Æquator, ſce the Poles 
ouching their Horizon, which, with regard. to them, 
cuts the Aquator, the Tropics, and all the diurnal Pa- 
rallels into two equal Parts; whence proceeds the per- 
petual Equality of Days in the Right Sphere. 

Thoſe who have their Zenith between the Æquator 
and the Pole, ſee their Horizon as much below the Pole, 
as they themſelves are diſtant from the Æquator. The 
AXquator, and all the diurnal Parallels, are ihclined to 
that Horizon. The Equator riſes one Half above, and 
| the other is hid under the Horizon, The Tropics and the 
Parallels are by it cut into unequal Portions : Even ſome 
Parallels near the elevatec Pole are intirely diſengaged 
| from the Horizon, and the Parallels adjacent to the op- 


b poſite Pole lie hid under it. Hence the Inequality of 
0 Days and Nights, and the perpetual Variety of thoſe In- 


l equalities in the extenſive Length of the oblique Sphere. 

1 Thoſe, who have the Pole for their Zenith, have no 
n other Horizon than the Æquator. Thus the Sun, which 
ö dwells ſix Months on this Side the Equator, and fix on 


tne other, is up for ſix Months together, and lies conceal'd 
tor a like Space of Time in the Parallel Sphere. 

The Globe and the Sphere may ſill, without any Ap- 
plication or Study, ſoon inform us of the relative Diſtances 
of all the People, either from Eaſt to Weſt, or from North 
o South. The Diſtance from Eaſt to Weſt is call'd Lon- 


gitude, 
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gitude, becauſe the Antients had travell'd that Way more, 
and knew a greater Extent of Country from Eaſt to Weſt, 
than from North to South. The Diſtance from the 
North to the South is call'd Latitude or Breadth, com- 
pared with the other Extent, which the Antients thought 
was the greater; becauſe in the Times when Sciences 
flouriſh'd in Greece, and ſtill more in the Time of Po/eny, 
long after the Commerce of A»dalou/ia * had ceaſed by the 
Way of the Red. Sea, they were generally perſuaded, that 
the Torrid and Frigid Zones were both uninhabitable. 
All the Poets are full of Paſſages relating to this falſe Opi- 
nion : Which, as you are ſufficiently acquainted with, I 
need not quote to =_ * 
; n Imitation of Pzo/emy, who has fx. 
* and ed the firſt Meridian, or the Beginning 
of the Longitude of Places, at the For- 
tunate Iſlands, which are our Canaries, becauſe they 
were the moſt Weſtern Lands known in his Time, the 
Northern Nations place the firſt Meridian in the Iſland 
of Teneriffe, that of the Canaries in which the Pico of 
T yde ſtands. The French place it in that which is cal- 
led the Iſland of Ferro. But there is now no Neceſlity 
for confining ourſelves to that manner of calculating 
Longitude ; wherefore at preſent they generally reckon 
the — of Longitude, from the famous Meridian- 
line that paſſes through Paris; becauſe, having been 
drawn with the greateſt Accuracy, it is the moſt known 
Term or Point to begin their Account at. 

For Example, you have a mind to know, how far 
Pekin, the Capital of China, is diſtant in Longitude from 
Paris, Bring Paris under the common Meridian, and 
then remove that Point towards the Weſt, counting how 
many Degrees of the Aquator paſs under the Meridian, 
till you ſee Pekiz brought under the ſame. According 
to Mr. De PI//e's great Globe, you will find 113 De- 
grees of the ZEquator intercepted between the Meridian 

5 of Paris and that of Pekin. The Arch 
* of of the Ægquator intercepted between the 

8 en Meridian of Paris, and that of any other 

given Place, is therefore the Longitude of that Place. 


* TARSHI8H, 
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In this Enumeration the Arctic Pole being always ele- 
vated, the Diſtance, which extends 180 Degrees to the 
| Right, ſhews how much any given Place is more Eaſt- 

ward than another. The Diftance, which extends 180 
Degrees on the Left of Paris, ſhews how much any other 
given Place is more Weſtward than Paris. It might ſeem 
convenient therefore to call the 180 Degrees of the Æqua- 
tor, which are on the Right of the Meridian of Pa i, 
Eaſtern Longitude; and the other 180 Degrees, which 
are to the Left of the ſame Meridian, Weſtern Longitude, 
But as it is an univerſal! Cuſtom to count one lingie Pro- 
greſſion of Longitude up to 360 Degrees; we ſhall do 
the ſame whenever we have an Occaſion to mention 
Longitude, according to Mr. De [e's Globe. The firſt 
Advantage the Degrees of Longitude may be of, is, no 
doubt, to know the Diſtance from one City to another. 
but that ſort of Meaſure varies, and requires a very great 
Caution. The Degrees of Longitude under the Æquator, 
are 25 common Leagues: They are much leſs under the 
Tropics, and continually diminiſh toward the Pole ; be- 
caule all the Meridians, which paſs through the 360 De- 
grees of the Æquator, unite in the Foint of the Pole, 
and leave between each other Intervals always leſſening 
as they draw nearer to the Pole. If we can apply the 
knowledge of Longitudes to the reducing of theſe De- 
grees into Leagues, it can only be by means of Tables, 
where the- ſucceſſive Diminution of theſe Degrees, as 
you advance towards the Pole, has been aſſign'd. Here 
it will be ſufficient to acquaint you, that the Degree of 
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n Longitude, which is 25 Leagues in Length under the 
d Aquator, is no more than 22 Leagues, or thereabouts, 
W under the twentieth Degree of Diſtance from the Æqua- 
n, tor towards the Pole; 21 Leagues at the zoch Degree 
9 of Diſtance from the Æquator; 18 Leagues at the 40th; 
Co I; at the goth: 12 at the Goth; 9g at the 7oth; 5 at 
in the Soth : and nothing at laſt at the goth, that is un- 
þ der the Pole. : | 

IC But the greateſt Advantage we have from the Know- 
er (dz of thoſe Degrees conſiſts in reducing hem into 


-11e. Fifteen Degrees of the Equator patſing under 
e common Meridian are equal to 60 Mirutcs, or an 
our, ard each Degree, of courſe, is equal to four 

vor. IV. M Minutes; 
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Minutes; there being four times fifteen Minutes in l. 
ty. 'The 113 Degrees of Eaſtern Longitude, which are 
between Paris and Pekin, may then be reduced to {ven 
Hours and thirty two Minutes ; by which Diſtance Pe. 
kin is more Eaſtward than Paris. So, when the Sun 
riſes to us, it has already been up above ſeven Hours 
and a half at Pekin; and when it is Noon to us, it is 
above half an Hour after ſeven in the Afternoon at 
Pekin ; fince they had Noon there above ſeven Hours 
and a half before. On the contrary, Sec being at 
307 Degrees of Longitude from the firſt Meridian, or, 
it ycu will, having 73 Degrees of Weltern Longitude, 
with regard to the Meridian of Paris; the Sun will 
not rite at Lxebec, till five Hours wanting eight Mi- 
putes after it has riſen at Paris; and when it is '['wclve 
Clock at Paris, it is hardly a Quarter aſter Seven in the 
Morning at Quebec. 

The Latitude of a Place is its Diſtance 
ſrom the Aquator toward either of the 
Poles; and it being reckon'd on the Me- 
ridian, we may define it to be, the Arch 
of the Meridian intercepted between the Æquator and any 
given Place. For Inſtance, to find the Latitude of Par: 
or of 12457, you mult alternately bring theſe two Faces 
under the Meridian, and from the Aquator to Paris you 
will reckon 40 Degrees, and to Loxdon 531 and a half. 

Ihe Advantage of this Knowledge is, firſt, that we 
may reduce into common Leagues, ot which there are 25 
to each Degree, the Diſtances which are from the /qua- 
tor io the Pole; not to enter here into the Diſpute con- 

. > . 1 
cerning the ſuppoſed Extenſion or Flattening of the Tard 
towards the Poles ; which can occaſion no great Difference, 
iuppoſing the Earth to be not intirely round. Secondly, 
ihe Knowledge of the Latitude puts us in a way to mount 
the Globe horizontally for any particular Place, that i, to 
determine the Horizon of it, in order to anſwer any Que— 
tions concerning the actual Time o' Day, the riſing Cr 
letting of the Sun in that Horizon on ſuch a Day of 
the Year, and the Duration of the Days, Nights, and 
Crepuſcules. 

or Inſtance, ſuppoſe I want to know what o'Clock ! 
+. it Torn in Lapland, when it is twelve o'Clock at F-- 
ris 


's he Demition 
zud Uſes of the 
1 ati rude, 
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„ this 10th of May 1737. After having haſten'd the 
little horary Circle with its Hand on the Mer.ian, | bring 
7,70 under the Meridian; and finding it to have 67 
Degrees of Latitude, I give the Pole an Elevation of a 
like Number of Degrees. I look out in the Kalendar 
of the Horizon for the tenth of May, and find that it 
correſponds to the 19th Degree of Leo. I clap on the 19th 
Degree of Leo in the Ecliptic a very ſmall Patch of white 
aper; or if I don't care to daub any thing, I bring un- 
der the Meridian the ſame Point of the Heaven, which I 
take great care to remark, and under which the Sun is ac- 
tually placed. If after having applied the horary Hard 
on the Point of Mid- day, that is, on the uppermoſt of the 
two Figures mark'd X11, I cauſe the Globe to turn back 
towards the Eaſt ; and the Moment when the 19th De- 
grec of Leo touches the Horizon, the Hand will point at 
half an Hour after Two for the riſing of the Sun above 
that Horizon. The ſame Point carried thence to the Me- 
rician, and from the Meridian to the Weſtern Border of 
the Horizon, will mark out the Path or diurnal Arch of 
; the Sun over the Horizon of Torneo. The Horary Style 
* Wh vill point at half an Hour after Nine, the Moment the 
„on Degree of Taurus ſinks under the Horizon. Thus 
% las preſently inform'd, that the Duration of the Da 
on the 10th of May, is 19 Hours, and that of the Night 
nge e Hours at Torneo; if we may call that Night, when the 
& dun, obliquely going down, ſinks but three Degrees under 
the Horizon. 
It is required, what the Aſpect of the Heaven and the 


pe Duration of the Day will be tor the ſame Place, on the 
i of December. I look for the 8th of December in the 
ty Alendar on the Horizon, where it correſponds to the 16th 
1 4 Pevree of Sagittary. That Degree being brought under 
* the leridian, and the Hand placed at Noon, if you then 


tun the Globe ſo as to make the 16th Degree of Sagit- 
par; juit appear above the Eaſtern Part of the Horizon, 
you will find the Hand pointing to half an Hour after 
leren, the very Inſtant the Sun orthat 16th Degree ſhall 
get above the Horizon: And when it ſhall pats under the 
a Edge of it Weltward, you will find the ſand at half 
n Hour after Twelve. Therefore the Day is but an 
M 2 Hour; 


e 
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Hour and the Night 23 Hours long on the 8th of De. 


cember at Torneo. 

To the Advantage of knowing the Elevation of the 
Pole, and of finding the Horizon of a Place, by the Knoy. 
ledge of its Latitude, let us add that of knowing the Ele. 
vatio.. of the ATquator, for the Horizon ot the ſame 
Place. 

When the Globe is horizontally mounted for Paris, you 
have 49 Degrees Diſtance between the Pole and the Hoxi. 
2on, juit as you have them in Latitude between the Aqua- 
tor and the Zenith. Now from the Zenith to the Hori. 
zon there are but go Degrees on every Side, If from cheſe 

o you take the 49 of Latitude, there remain 41, which 

umber expreſles the Height of the Æquator above the 
Horizon 01 2a!4s. 'l he Height of the Æquator above the 
Horizon is then the Difference between the Number of 
the Degrees of the Elevation of the Pole, and go De- 
grees. 

By this Means you know, than on the 21ſt of March, 
and the 23d of Septen er, the Sun, which then deſciibes 
the Æquator, at Noon is elevated 41 Degrees above the 
Horizon of Paris. Add the twenty three Degrees and a 
half of Declination, or of a greater Elevation towards the 
Arctic Pole, and you will have 64 Degrees and a half for 
the Elevation of the Sun at Noon, on the 22d of %, 
that is, the Day of the Solſtice, From the 41 Lexrecs, 
which is the mean Height, or that of the Æquator, tae 
the like Sum of 23 De: rees and a half, you will find 17 
Pegrees and a half, for the Elevation of the Sun at Noon, 
on the Day of the V inter Solitice at Paris, You may 
with like Eaſe know the exact Height of the Sun at 
Noon, for any Day of the Year whatever. For if, after 
having found in the Ecliptic the Place or Degree ef the 
Sun for any given Day, you bring that Degree under tie 
Meridian, you ſee by how much the Sun declines from 
the Equator, either on this Side towards the oppoſite Pole, 
or on the cther Side towards the oppoſite Pole. It! 
de on this Side in the Northern Signs, add the Deciini- 
tion to the Height of the Æquator, you will have the 
Elevation of the Sun at Noon for the given Day. at 
the Sun is in the Southern Signs, deduct its Declination 


from the Height of the ÆEquator above the A” ; 
en 
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Hence it follows, that whoever knows the Latitude, 
knows the Elevation of the Pole, whoſe Meaſure is the 
ſame: and that whozver knows the Elevation of: the ' 
Pole, knows likewiſe that of the Mquator, which is al- 
ways the Complement or the Difference between the 
Height of the Pole and go Degrees: Laſtly, That he, 
who knows the Elevation of the ÆEquator, knows alſo the 
Flevation of the Sun at Noon for all the Days of the 
Year, by the Addition or Subſtraction of its Declination. 

Globe are of Service in a hundred other Particulars, 
of which we muſt defer the Enumeration to a Treatiſe of 
Aſtronomical Inſtruments, which I hope hereafter to give 
rou It was proper, at leaſt, to give you this faithful Ac- 
count of the moſt common Helps which we borrow from 
thence, in order to convince you of the Favours, for 
which we are behclden to the learned Men of Greece, 
and to Natural Philoſophy, which has founded theſe won- 
derful Machines on the Obſervations of the Rotundity of 
the Earth, on the Obſervation of the Points which bound 
the Courſe of the Sun, on the regular Obſervations of 
the ſeveral Horizons, and the various Elevations of the 
Pole; in ſhort, on a Series of inconteſted Experiments. 
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E E R ſince the Time of Pliny and Ptolemy, Coſmo- be 
graphy and the Study of Nature, far from making Pr: 

auy new Progreſs, diminiſh'd by degrees, and at length re- th: 
main'd totally neglected. In the firſt Ages of the Church, 02! 
tie moſt knowing Chriſtians were too much taken up with by 
the Care of inſtructing Nations, and of ſupporting the hel 
Goipel againſt the Heathens, to be able to give tt emie!ves ten 
over to Studies either leſs neceſſary or Jeſs important. the 
After having deſtroy'd Idolatry, they turn'd their ums anc 
againſt the Diſturbers of the Church, who introduced viy 
pernicious Novelties into the Faith. On the other Hand, tral 
the Liberty, which the Rowan Armies aſſumed to them- on!. 


ſelves 
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{clves, of creating ſeveral Emperors at the ſame Times 
and the inteſtine Diviſions of the Provinces, which took 
the Party of one Emperor againſt another, put all in a 
Combuſtion, and ſhook the whole Empire. The perpe- 
petaal Attempts of the Barbarian Nations to ſhake off the 
Yoke reduced the Eaftern Empire within very narrow 
zounds, and quite overthrew the Weſtern. After its Fall, 
the State of Eure was long uncertain, and had much 
ado to preſerve one conſtant Form. The frequent Changes 
of Maſters, Laws, Languages, and Cuſtoms kept Nations 
in a kind of Agitation fatal to Sciences and good Taſte, 
which were ſucceeded by Barbarity and Ignorance. 
| Afterwards, the Introduction of great Fiefs and Sove- 
reignties ſubordinate 2 f¹nitum, held by Fealty and Ho- 
mave, or with an Obligation of a ſhort Service, com- 
pleted the Ruin of all. This Form of Government, 
wherein they fancied they ſhould find a greater Appear- 
ance of Liberty and Security, made its Way every where, 
and multiplied Feuds, together with the Affectation of In- 
dependence. 'There was not a Country Squire, how in- 
ſignifcant ſoever, who did not lord it, and play the Mo- 
narch among his Vaſſals, and lead them to War againſt 
his Neighbours. This Liberty of drawing the Sword in 
one's own Cauſe, and of doing one's ſelf Juſtice between 
Lord and Lord, together with the uuavoidable Wars of 
the Lords paramount, bent every Mind to War. The 
wearing of the Sword being thus become the diſtinctive 
Baige of Lordſhip, Lords were no longer ſeen without it. 
Tais Inſtrument of Wrath accompanied them to their 
belt Friends. They were ſeen arm'd even at the public 
Prayers; and when they united the Title of Biſhops. to 
that of Lords, their Swords appear'd on the Altar to- 
gether with the Victim of Peace. The Uſe of the Sword, 
by Right reſiding in the Chief of the State alone, who 
held it from God, had till then been only precarious and 
temporary in the Hand of Subjects. That Right, or ra- 
ter that Commiſſion, was transferable from one Man to 
another, at the Prince's Will. The Uſe of it was never 
Liven over to the Diſpoſal of any private Man, but in- 
tulied and regulated according to the Wants of the State 
only. The firſt Officers had no more the Property or 
inheritance of it than our common Soldiers, Since that 
M 4 Right, 
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Right, originally derived from the Throne, was given in 
Property as an hereditary Good to a Multitude of Sub— 
jects, and was extended to the Subdiviſions of the re. 
moteſt Meine-Tenures ; this Appearance of Petty Serve 
reignty became the Object of all Wiſhes. Nothing was 
thought grand but the Sword: It was in lieu of Learn. 
Ing and Education: It even became the only Science: 
And for want, not only of Bocks, but of 'Tranquitity, 
Emulation, Applauſe, and good Examples, Ignorauce m 
all its Branches overſpread the World in the molt diſmal 
Manner. The liberal Arts and Literature, Eloquence and 
the Study of Nature, which bad, by the Care of CH. 
main and his Succeſlors, reſumed a little Courage, funk 
again into a Condition worſe than that to which they had 
been already reduced, by tae barbarity of the C aud 
other Northern Nations “. 

Tis true, Churchmen and ſome learned Princes from 
time to time made uſcful Efforts towards reviving the 
Love of Letters. For many Ages together, the holy 
Precepts of the Church, a few Collections of the noble 
Sayiugs of the Fathers, which were read to the People, and 
the reading of the Goipel, maintain'd Faith in its Purity, 
and preſerved the Principles of Integrity among Men: 
But a falſe Learning, in iome fort worſe than Ignorance, 
came acrols the beſt Intentions, and ruin'd the Beneki of 
the beſt Elabtiſhwents. 

About the middle Ages, a kind of Learning of a moſt 
ſir gular Character overſpread all Faroe. Though they 
had in their Hands the Writings of the Latins and Cree, 
* hich the Benedicdine Monks had taken Care to copy and 
multiply; they neglected the Uſe of the Orators, Poets, 
and Hiſtorians, to exerciſe themſelves merely in Ari/otle's 
Philoſophy ; in which too they laid aſide whatever re- 
lated to the Heaven, the Knowledge of our Globe, Natu- 
ra: Hiſtory, Eloquence, and that of Mankind. This Part 
(for what Reaſon 1 know not) did not pleaſe them at all: 
They gave themſelves paſſionately over to his Logic and 
Mctapliyſics. Theſe cavilling Sciences very likely had 
an intimate Proportion with their natural Craft and Sub- 


* See Mr. FIL HVR V See the Abbot GovjEr's Diſſertation cn the 
State of Science in FRANCE, &c. 
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tilty. Beſides, they needed not, in order to attain them» 
to make any Reſearches, great Inquiries or Trials; to keep 
any Correſpondences ; to have any Books or Inſtruments; 
to uſe Calculations, or give themſelves any Trouble, 
They were extremely pleaſed with the Thoughts of find- 
ing out every thing in their own Brains, and of acquiring 
without any Preparatives, and at no Coſt, a vaſt Reputa- 
tion for Subtilty and profound Learning, by bandying 
Queſtions, of which the common Run of Mankind could 
underſtand nothing. 

Theie Philoſophers of the middle Age did, indeed, 
ſpeak upon every Subject: They even thought themſelves 
great Men in Phyſics, becauſe they gave Names to, and 
Definitions of, every thing, by methodically proceeding 
therein with the Genus a id the Difference. They eſpe- 
cially pretended to teach Men how to argue; and this was 
their chief Skill. Had it not been for their Rules, all 
Mankind was ready to fall again into its primitive Inſan- 
cy. But their Categories, their DialeQic, and the ſubtle 
Anatomy they made of our Ideas, Judgments, and Reaſon- 
ings, and of the ſeveral Pieces — our Diſcourſes con- 
ſiſt, were not more fit to teach us the Art of Thinking, 
than the Anatomy of the Hand, or the Study of the Muſ- 
cles of the Leg would be, to teach us how to make the 
Rigadoon Step, or how to handle a Fork with a good 
Grace. Poor Doctors! who attributed to their Art that 
which is in Man a Gift from God, and who, by Force as 
it were of Machines, cauſed ſome Men to do with a dull 
and heavy Aukwardneſs, what Exerciſe and Reflections 
every where produce with ſo much Elegance, Exactneſs, 
and Facility. 

The ſame Idleneſs which made them prefer theſe emp- 
ty Specularions to long and toilſome Experiments, like- 
wiſe made them overlook the Study of Elocution. 'They 
even neglected the Decorum of Speech. But Barbarity, 
which is ever attended with Diſguſt, is fill the leaſt Evil 
they overipread the Schools with. They accuſtom'd Men 
to diſpute, and of courſe to the Deſire of being always vic- 
torious in the Argument: An Exerciſe, which was apt 
to become dangerous, if not moderated with great Po- 
liteneſs, which, under the Pretence of rendering the Learn- 
ed methodical, made them apt to ſtart Difficulties on every 
M 5 Subject, 
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Subject, eager to reply, and become in a manner Peo— 
ple of another World: Who, inſtead of ſound and ſervice- 
able Truths, gave them no Reliſh for any thing but Sub— 
terfuges, Subtilties, and puzzling or rather Inacceſſible 
Queſtions; which, far from making them humble, mo— 
deſt, pliant, ready to liſten to and aſſiſt others, on the con- 
trary made them fond of their own Conceits, always rea- 
dy to combat the Talents of others, and made them little 
better than idle Talkers, Men univerſally uſeleſs when out 
of a Diſpute; and by an almoſt neceſſary Conſequence, 
fierce, poſitive, and untractable. 

Theie new Maſters, by the Oddneſs of their Quſtions, 
and by the Sourneſs of their mean, contentious Method, 
diſhonour'd the Schools which they had invaded. They 
every where introduced a dark, ſour kind of Learning, that 
related to none of thoſe Things which buſy Mankind; 
that was of Service to no Condition of Life, and which, 
having no manner of Relation to Piety, to Buſineſs, to 
the Sentiments of the Heart, or to Politeneſs, authorized 
the gentcel Part of the World, not only to forſake them 
without Regret, but even to bluſh at being thought to 
have the leaſt Tincture of Learning. 

The Knowledge you have of Hiſtory, my dear Cheva— 
lier, makes you eaſily gueſs, that the rough ſupercilious 
Philoſophers I juſt mention'd are the Arabians, who over- 
ſpread the Coaſts of Languedoc, Italy, Sicily, Spain, ard 
A rica. Ihe Schools which they eſtabliſſid at Cerdrus, 
in the Kingdom of Naples, and other Places, took an Air 
of being famous, while ours were in a languiſhing State. 
What contributed moſt to the Barbarity of the Methcd of 
the Saracens, was, that they made it a Rule to neglect 
the good Authors of R:me and Athens, which they evely 
where found in our Libraries, thinking, that the reading 
of theſe Books, wherein the Names of the Gods were 
often found, was inconliſtent with the Law of Matonet, 
which they profeſs'd : and either from a Motive of Re- 
ligion, or their on Taſte, they confined themſelves to 
the moit bombaſtic, moſt ſpeculative, and leſs uſeful 
Works of Ariſtetle. Jhe Latin Tranſlations, and nume. 
rous Comments, which they publith'd of them, jpread 
their Notions and Methods among us: And having fince 


been obliged to abancon all their Foſts one after _— t0 
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leave Europe, and ſhelter themſelves in Mauritania, they 


did not carry away all their Subtilties and imagi- 
nary Tenets with them. They went to make uſe of 
them in the Schools of Fez and Morocco: But they left 
among us the Dregs of a falſe Learning, a Philoſophy 
wholly intellectual, which ſeem'd to have forgot, that 
we had Eyes to ſee, and Hands to operate : A Method 
the more contrary to the Advancement of Phyſics and 
Diſcoveries, becauſe, inſtead of regulating its Notions on 
Experience, and on the perpetual Inſpection of Nature, 
it judged of every thing from the Notions of 4r:i/ctle, 
or of tome other Maſter as little to be depended upon, 
though of a more modern Date. So long as our old 
Scholaſtics quarrell'd, without ever looking in Experi- 
ence for a Solution of their Diſputes, Philoſophy made 
no real Progreſs, except under the Trials of ſome Work- 
men. The Neceſſity of fining Metals fer the Coining 
of Money, the Caſting of Bells and Ordinance, for Gold- 
ſmith's Ware and the Products of the Forges, and for 
the making of ſeveral Kitchen Utenſils, at all times put 
a certain Number of Men under the Neceſſity of ac- 
quainting themſelves, if not with the Nature, at leaſt 
with the Uſe of the ſeveral Earths, and of all mineral 
Matters. It may be affirm'd, that uſeful Learning was 
almoſt wholly center'd among Artificers in Metal, who 
for want of a Guide, and of good Principles, very of- 
ten ran headlong into the groſſeſt Miſtakes. For In- 
ſtance, the Sight of the appareat Changes, which hap- 
pen'd in theſe Matters, either diſunited or compound, 
had long introduced this falſe Notion, that Natures even 
tie molt pure and uncompounded, are tranſmutable, and 
that a Piece of Lon may, by means of a certain Pre- 
paration, become an Iugot of Gold. Many Artiſts 
buildiag on this falſe Principle, in all Ages made feve- 
ral Eftorts, the vaſt Expence and Inutility of which 
loaded them with Shame, and both exhauſted their 
Health and Money. However, many of them, as they 
were working in theſe foſſil and mineral Matters, which 
obſtinately refuſed the Tranſmutation ſo much long'd 
for, by the bye took Notice of the new Effects pro- 
vuced, and lighted upon ſome conſtant Compoſitions, 
„auch might be made uſeful to Dying, to Meral-work- 
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ing, and the Improvement of ſeveral Arts. They in— 
deed hunted after a Phantom, but yet they at the ſame 
time were making ſome Improvements. They traced 
Nature Step by Step; and this was ſufficient to make 
them find out real Truths and Conveniences, which 
ſometimes made them Amends for the imaginary Tranſmu- 
tation they flatter'd themſelves with. 

The moſt ſucceſsful among them was Roger Bacon, an 
Engliſh Cordelier*, He was the firſt who knew the 
Force of Sulphur and Fire in Conjun&ion with Salt- 
petre or Tartar, which gave Birth to Gunpowder, and 
occaiion'd the Perfection of Fire-Arms. He ſeems like- 
wie to have been one of the firſt, who had any juſt 
Knowledge of the Effects of Light, convey'd through a 
lenticular Glaſs, or reflected from a ſmooth Surface ej- 
ther plain or concave. His Philoſophy wholly conſiſted 
in obſerving Nature, and making uſe of it, by the At- 
ſiſtance of Mathematics. He was in the right Way, and 
invited every body to follow him therein. But his Supe- 
riors, Maſters, and Fellow-Monks, ſtyled thoſe dangerous 
Novelties, which they had not learn'd themſelves. He 
perhaps gave them Offence by ſuperſtitious Practices, as 
he was extremely bigotted to celeſtial Influences, and all 
the Nonſenſe of judicial Aſtrology. The Studies to be 
follow'd, moreover, and the Opinions to be maintain'd, 
either in Monaſtic and Eccleſiaſtical Societies, or in Uni- 
veriities, were preſcribed, as well as the Ceremonial, or 
the Hour of getting up and going to Bed. Nothing but 
il Treatment was to be expected by any that ſhou!d pre- 
ſume to abandon Ariete; and the general fix'd Rule leit 
no Room either for Reſearches or Diſcoverics. The Philo- 
ſopay of the Aradians, and their tireſome Jargon, remain'd 
in Poſſeſſion of the Schools. Univerſities have, till the very 
Jaſt Century, heſitated upon having Recourſe to Know- 
ledge, grounded on Experience, and juſtified by Practice. 
In Convents, very often where philoſophical Studies were 
purſued, the Reader proved much leſs fkill'd in ſound 
Philoſophy, than the Brother who prepared the Reme- 
dies, or took care of the Kitchen- garden. Even now in 


* He died at Oxroxv in the Year 1284. 
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ſeveral provincial Schools, if they employ three or four 
Hours in curſorily ſhewing a few Experiments on Va- 
cuum and the Elaſticity of the Air, they in Return em- 
ploy ſeven or eight intire Months, in leiſurely treating of 
Matter and Form, never forgetting Privation, nor ſubſtan- 
tial Form, nor the Appetency of Matter for all Forms, 
nor chiefly the modal Interceſſion, as a diſtin Entity be- 
tween Matter and ſubſtantial Form 

Though the Arabiaus did thus very much injure Man- 
kind by rendering Knowledge hateiul on account of the 
Barbarouſneſs of the Language, and eſpecially by ſmother- 
ing, for ſeveral Centuries together, the nobleſt Talents, 
and the beſt Genius's, by an Habit of always exerciſing 
them upon idle Notions, which could be of no Uſe in 
the World ; yet muſt we not refuſe to give a few of theſe 
Saracen Doctors their Due. Some of them raiſed them- 


. ſelves above the common Level, purſuing uſeſul Studies. 


Some applied themſelves to Phyſic, and that Study has, 
ſince their Deaths, perpetuated itſelf in more than one of 
their Poſts ; for Inſtance, at Salerno in the Kingdom of 
Naples, and with far greater Succeſs at Montpelier ; which 
was raiſed upon the Ruins of Maguelona, one of their 
beſt Eftabliſhments. We are beholden to the Arebians 
for the Figures of our modern Arithmetic and the Uſe 
of Algebra, if they be not even the Inventors of the lat- 
ter. Some of them, careſs'd and made much of by the 
Eryttian and Badbyloriian Caliphs, cultivated Aſtronomy, 
meaſured che Circuit of the Earth, tranſlated into their 
own I anguage and communicated to Europe Ptolemy's 
Books *, together with the Uſe of the Aſtrolabe or flat 
Sphere, and of ſeveral other very ingenious Machines, all 
the Pieces whereof ſtill go by Arabian Names, though 
they only ſhew'd the Uſe of them, and the Invention was 
due to the Greeks. 

The Emperor Frederic IT. in the 13th Century, cauſed 
Plolemp's great Conſtruction to betranſlated from the Arabian 
into Latin: Which enabled a Profeſſor ſ of the Univerſity 
of Paris to write a Work which was much admired and 


* In the Year 813. F 
{ SAcRo Bosco, a Mathutine Friar, who died in the Year 1256. F 
mace 


a4 DIALO GUE V. 


made uſe of every where, upon the Sphere. Alphonſo, King 
of Caſtile *, employ'd ſeveral learn'd Men in reforming 
Aſtronomy, and became himſelf a very good Aſtronomer. 
In the next Century, Charles, ſurnamed the Wiſe, though 
wholly taken up with a much more neceſſary Science, 
mean the Government of his Kingdom, perſuaded P/ 
of Boulogne to come to Paris, rewarded generouſly the 
Works of Nicolas Oreſine, and founded ſeveral Profeflor. 
ih1ps for Mathematics T. But theie ſolid Studies ſupply. 
ing no Matter for Diſpute, which was then the reigning 
Taſte, they were always very languidly pus ſued; and, 
what was ſtill worſe, the Saracens, who had introduced 
them to us, had mix'd them with all the Poiſon of Aſtro— 
logy ; fo that their Acquaintance was hurtful to us in all 
reſpects. 

While the fineſt Genius's exerciſed themſelves in this 
trifling manner on Generalities, that were of no fort of 
Service to the Pulpit, the Bar, the Government of States, 
or even private Families ; a kind of Hazard, or rather a 
ſpecial Providence, cauſed a Phænomenon to be obſerved, 
the Diſcovery of which has procured us the Knowledge of 
the new World, the new Way to the Iadies, and ſuch a 


Progreſs of Sciences, as had never yet been attain'd to. 


c The Load - ſtone, in all Ages, was known 
* ea Com to have had the Property of attractinglron. 
pg Thales, amazed at ſo conſtant an Effect, 
thought that Stone had a Soul. Plato, Ariſietle, and 
Pliny, have mention'd the ſame Attraction: But neither 
thev nor any other Philoſophers, till the Eleventh, or even 
to the Beginning of the twelfth Century, knew, that the 
Load-ſtone, ſuſpended or ſwimming by means of a Piece of 
Cork on Water, always turns one of its Sides, and con- 
ſtantly the ſame, towards the North. Even the Man who 
made this Obſervat on ſtopt there, and underſtood neither 
the Importance nor Uſe of his admirable Diſcovery. 
Theſe two Properties of attracting Iron, and of being 
conſtantly directed Northward, being once known; ſome 
Virtuoſo's repeated the Experiments; and making a Piece 


In the Year 120, 
At the College of MarTtat GERVAIS: 
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of Iron and a Load-ſtone to ſwim in a Veſſel full of 
Water (having firſt put them on Pieces of Cork, that they 
might move one towards another without any Obſtacle) 
they obſerved, that when the Piece of Iron had been rub- 
bed againſt the Load-ſtone, that Iron had alio the Property 
of turning towards the North, and of attracting Needles 
and Iron-filings, as well as the Load-flone itſelf. From 
one Experiment to another, they came to lay a Needle 
touch'd with the Load-ſtone on two ſmall Bits of Straw 
floating on the Water, and to obſerve, that the Needle in- 
variably turn'd its Point towards the North. They were 
in the way of making the great Diicovery : But this was 
not yet what we call the Sea Compaſs. 

The firſt Uſe which Virtuoſo's made of this Diſcovery, 
was to impoſe upon ſimple People, by an Appearance of 
Magic. For Inſtance ; a little hollow Swan of Enamel, 
iwimming by that Means on the Water of a Veſſel in which 
it was put, and having in his Bill a little Iron Serpent, or 
Lizard, never fail'd to run after a Piece of Bread offer'd 
him on the Point of a Knife: It faithfully follow'd the 
Motions of the Knife backward and forward, and gave the 
utmoſt Surprize to the Spectators, who were 1gnorant, that 
the Knife had, by the Touch of the Load-ſtone, acquired 
the Property of attracting Iron. The pretended Magician 
fully convinced them of his Power, by ordering a Needle, 
laid on the Surface of the Water, to turn its Point from the 
Laſt to the South, and bring it towards ſuch or ſuch a Point, 
as towards the Polar Star; which was immediately obey d. 

A Genius of a more ſerious Turn at laſt apply d this Ex- 
periment to the Wants of Navigation, and a Poet * of the 
[2th Century in orms us, that our French Pilots made uſe 
of a Needle touch'd with the Load-ſtone, which they cal- 
led + La Marinette; becauſe that Stone being ſeveral times 
rubb'd the ſame Way, and on the ſame Side, upon an lion 
Needle, communicated thereto the Virtue of turning to- 
wards the unmoveable Star, Which we call the Polar Star, 
and which was a Kule for Seamen in cloudy Weather. 


Gr of PRovixs, ho was at the Court of the Emperor FR E- 
Dr Rl, feld at Mrz in the Year 1181. 
dSee Abbor URSHE ANG and FAUCHET's Antiquit. 
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Icelle toile ne fe ment, 

Un art font qui mentir ne peut, 
Par vertu de la Marinette, 

Une pierre laide, noirette, 

Oz le fer volontiers ſe joint, &c. 


Soon aſter, inſtead of laying the Needles (as they did 
then) upon Straw or a Piece of Cork, on the Surface of 
the Water, which the Motion of the Veſſel always to''d 
about too much ; an underſtanding Workman bethought 
himſelf of ſuſpending on a Pivot, or on a moveable Point, 
the juſt Middle of a Hand touch'd with the Load-itone, 
that balancing and playing at Liberty, it might yield to 
the Attraction, which always directs it towards the Pole. 
At length, another Workman thought of charging that 
Needle with a ſmall and very light Circle of Paſte board, 
whereon he had delineated the tour Cardinal Points, to- 
gether with Lines repreſenting the chief Winds, The 
whole being divided into the 360 Degrees of the Horizon, 
This little Machine lightly ſuſpended in a Box, which was 
itſelf ſuſpended much like the Seamens Lamp, perfectly an- 
ſwer'd the Hopes of the Inventor; becauſe, by directing 
the Floarer- ae. luce towards the North, it kept all the other 
Points of the Roſe, correſpondent to the Points of the 
World by them repreſented, And though the Veſſel might 
have chang'd its Situation ever ſo much, yet the Needle, 


- conſtant in its Return towards the North, always ſhew'd by 


the Points of the delineated Figure, the Part of the World 
towards which they ſail'd, and the Winds they were to 
avoid, 

But it is with this Invention, as with that of Mills, of 
Clocks, and the Art of Printing. The Name of the In- 
ventor is not known, becauſe many had a Share in the 
Diſcovery. Theſe Things were found out only in Parts, 
and brought by little and little to a greater Degree of 
Pertection. 

From this it is plain, what we are to think of the 
Diſpute ſtill ſubſiſting between jeveral Nations which claim 
the Invention of the Sea Compaſs. I he /talians are poſi- 
tive, that in the Year 1302, Flavio Gioia conſtructed the 


very firſt Sea-Compaſs that was ever ſeen, at Melphi A*. 
ing- 
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Kingdom of Naples. The French are very far from ſub- 
mitting to this Judgment. They ſay, that the Uſe of the 


Needle rubb'd with the Load-itone, for the regulating of 


Navigation, is from Hiſtory proved to have been amon 
them even in the twelfth Century. They add, that if a 
Fl:aver-de luce is for a Mark of the North, either in the 
moveuble Paſte-board, which Seamen put in the Style, or 
in the Card of the Winds, which is faſten'd under the 
Pivot of the Style, at the Bottom of fix'd Sea Compaſſes ; 
it is becauſe all Nations have copied it from the fuſt Sea- 
Compaſles, which came from the Hands of a French Ar- 
liticer, 

The Frebiþ attribute to themſelves, if not the Diſco- 
very, at Jeaſt the Honour of having brought it to Perfec- 
ti-m, by the Method of ſuſpending the Box where the 
Needle touch'd with the Load-ſtone is. They alledge in 
their own Behalf, that itis from them all Nations received 
the Namcs given the Sea-Compaſs, on receiving from 
them that Machine, reduced to a commodicus Form : 
hat it is call'd ({Compas de Mer) from the two Engliſb 
Words Mariner's Compaſs ; and that from their Word 
Poxel, which means a little Box, the /#a/:ars mace their 
Word Brfola; juſt as they change the Name of Alexander 
into that of Alef/and-o. 

Others are no leſs zealous to perſuade us to give the 
Chinz/e the Honour of it. Put as the Needle, touch'd 
with the Load-flore, is as yet no otherwiſe uſed in China, 
than as it is made to ſwim on a Piece of Cork, as they 
formerly did in Europe: it is to be ſuppo ed, that Marco 
Peach, or ſome other of the J'eretiars * who went to tl e 
Indies and C/ina through the Red-Sea, did, in the 13th 
Century, convey this jmportart Experiment into the very 

teart 0f ; the Uſe of which was afterwards perfected 
among us by ſeveral Pilots. 

The Needle rubb'd with the I oad-ſtone, HEE 
beſides its conſtant Direction towards the e arte 
North, has yet two other Motions : The je pm nin ag 
one of Declium tion, by which it deviates a 
tew Degrees from the true Meridian, or from a Shadow 
of the Sun at Noon : The other of Inclination, by which 


* Sce Orbis novus. 
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it lowers towards the Earth its Northern Point * as if that 
Point was heavier when rubb'd with the Load tone, which 
obliges us to charge the Southern End of the Needle wit 
more Weight, in order to keep it Horizontal, and in per. 
fect Equilibrio. 

From the Knowledge of the Quantity of that Declina- 
tion, which is much the ſame from Year to Year, and 
ſometimes for many Years together, they take all previous 
Cautions, to have it adjuſted as if it did not decline at 
all. As to the inclination, though the Knowledge of it 
has been hitherto unfruitiul ; we till hope, that the Re- 
gularity af it will one Day or other be applied to ſome 
profitable Uſe. 

Great Naturaliſts are much divided, on 

The beſt Conjec- the Cauſes of theſe ſeveral Directions of 

Tures concerning the Load ftone. But there is a Truth in- 

the Cauſe and : 

Directions of the finitely more obvious to me than all their 

Needle. Syſtems, vi. That God has ſpared us 

much Toil and Labour, and ſaved us from 

many dangerous Inadvertencies, by granting us the Ule 

of Things, without letting us into the Structure and Rea- 
ſon of them. 

The (auſe of the Direction of the Load-ſtone, as well 
as all other ſecret Springs af Nature, is conceal'd from 
us. But we know the Utes to which they may be ap- 
plied, and that Science is of more Advantage to us than 
the Knowledge of the Cauie itſelf. I he Knowledge of 
Cauſes would make una&:ve Philoſophers, who could 
never be brought from their inblime Speculations to the 
Government of Things here below, The bare Know- 
ledge of the DircEtio: s of the Load- ſtone carries us from 
one End of the Earth to the other. A Sea Compaſs, worth 
h If a Crown, may bring into our Ports the F roductions 
of the four (} uaiters of the World: And it is really from 
this Invention, brought to its Perfection in the 14th Cen- 
tury, that we may date the Renewal of Geography, 
Trade, Natural Hiſtory, and true Phy ſics. 

The Pilots of Mar/c:/les and Piſa, the 

The antient Genarje and the Venctians, by the Aft 
— of ance of this admirable Inſtrument, in tne 
: 14th and 1;th Centuries, carried on 2 

very profitable I rade at Trifely in Barbary, at Fapha, at 
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Damas, by the Way of Tripoly, in Syria; at Aleppo by the 
Way of Alexandretta, at Famagouſte in Cyprus, at Smyrna, 
and in all the Sea-Ports in the Levant ; whence they re- 
turn'd, and ſpread all over Europe Cotton, Opium, Rice, 
Gall-nuts, Drugs, and other Commodities of 4/za. 

The Uſe of the Sea-Compaſs promoted 
and encouraged, in a manner quite dif- 
ferent from that of former Ages, all the 
Enterpriſes of the Merchants of Bergben 
in Noraway, of Stockholm, Riga, Dantzic, Roftoc, Lubec, 
Bremen, Hamburgh, and of all the great Hanſe or Ailo- 
ciation, which was form'd for the Commerce of the Bal- 


The Commerce 
of the Hans 


Towns. 


:ic-Sea, and of all the North But the fineſt Trade of 


thoſe Times was that, which the Yenetians 
carried on at Alexandria and Cairo, of the To _— 
Commodities which the Arabians and E- C. 
£yþtians fetch'd from the Indies, and from 
al the Eaft through the Red-Sea. The Profits they made 
by their Cotton, Silk, Gold, Pearls and Jewels, were 
immenſe : But Spices and Grocery Wares were the fineſt 
branch of their Commerce. They were the only Diſtri- 
buters of them: and at that Time no Dainty was thought, 
at the niceſt Tables, ſuperior to that Production of Indus 
and the Molucca lands. Sugar was little, or ſcarcely 
known at all in Eure: But Spices began to be there the 
chief Ornament of great Feaſts. They thought nothing 
was fitter to be preſented to Judges after the Diciſion of 
a Law-Suit. At nuptial Feaſts the Bride diſtributed Spices 
to all the Aſſembly ; and Univerties, in their Rejoicings, 
had in this conform'd to the Uſe of the Beau Monde. 
That Commodity always went off very well, apd every 
one knows how far the Art of Cookery has carried the 
Uſe of them. 

The P oiperity of the Venetians awaken'd the Emulation 
of the Inhabitants of the Coaſts of the Ocean. Moſt of 


them made Attem pts either themie: ves to reach the /naes, 


or to diſcover ſome new Coaſts, where they might trade 
with Profit. The Facility of avoiding the Shelves and 
dhallows by taking Sea Room, and of finding their Way 
in again by the Direction and Advices of the Sea-Com- 
pals, fill'd theſe two Ages with extraordinary Adven- 

tures, 
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tures, and with Diſcoveries more lucky than were ex. 
pected. 
Re The Normans, a laborious and perſeve. 

The Diſcoveries ring Nation, and capable of every Thing, 
of the Normans, were the firſt who diſcover'd Guinea. and 
the Canary- Handi, the Remembrance of which had been 
a long Time loſt. We flill find in Gurca the little Dice, 
where the Inhabitants of Lie had lodged themlelve; 
from the Year 1264, ard ſeveral other Names teſtify the 
antient Settlements of the French on the Weſtern Coaſts of 
Africa. "I hey abandon'd them in the Year 1410: But 
the Natives preſerve the Memory of them, and ſtill regret 
the Sweetneſs of their Commerce. Theſe Settlements 
would {till have ſubſiſted. or have been renew'd and im- 
belliſh'd, had the Government aſſiſted them, and preferr d, 
as they now do, true Politics, which are the important 
Affairs of the Commerce and Repoſe of the Nation, to 
thoſe glitt.ring Projects which make the People miſerable, 
in order to give them a Proof of the Miniſter's Capacity. 

Ivory, which the Inhabitants of Dzzppe brought from 
the Tooth Coaſt, gave Birth to the Eſtabliſhment of the 
Marufactures of Ivory Ma e, which inrich d the City of 
Diep?, ſo long as that Matter continued in the Eſteem of 
the Public. 


The Diſcoveries 
of the Portu- 
gueſe. 


The Portugueſe, being obliged by the 
Smallneſs of their Territory to look out 
for Means to extend it, and ſeconded by 
the advantageous Situation of Liſbon and 
Oporto, were tho;e who had moſt at Heart the finding out 
of a Paſſage to the Indies, other than by the Fed. Sea. 
During the whole 15th Century, the Kings of Portege! 
were moſt earncſily taken up with that Projet, T hey 
ſent People to viſit all the Weſtern Coaſt of Africa. Their 
Pilots found out Madeira in the Year 1420, or theie- 
abouts. The Colony they ſent thither, ſet on Fire the 
Foreſt which cover'd the whole Iſland, and made it a good 
Eſtabliſhment, where Plenty actually reigns, together 
with all the Politeneſs of Ln. In the Year 1449, (hey 
peopled the Iſland Tercera, and the other Azorrs, which 
ſome Flemings had firſt obſerved, and which were unin- 
habited. Theſe firſt Succeſſes encouraged the Portrgue/ 
They ſoon after made themſelves Maſters of the Cafe Fer 
| : Iſlas, 
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Handi, leſs truitful indeed than the other, but uſeful for 
the Salt and Goals which they found there. They diſ- 
cover'd the Cape Verd , which is next to them, between 
the Rivers Senegal and Ganrra, 'i hey ſettled themiclves 
on the Golden Coaſt, fo. tified thenitcives in ſevera Places 
ot Congo, from t e Kiver Zaire, which waſhes that King- 
dom, to the River Coanza, which cruiics the Kingdom of 
Angola. hey have ever ſince been, and ſtill are in Poſ- 
ſeſlion of the whole Commerce of che two laſt Countries. 
Though Barterings were very advantageous on all theſe 
Coaſts, the great Aim of Pilots, and the Wiſhes of the 
Court were, to find out a Pallage to get into the Eaſt, 
But they were barr'd by a Coaſt which has no End. They 
carried their Reſearches to 33 Degrees ot Southern Lat- 
titude, to which you need only add the 40 Degrees of 
Northern Latitude, which is the Situation of Lyn whence 
they ſet out, and you will have the Lei gh of their Courſe, 
which thus proves to be above 1800 Leagues before the 
Diſcovery of that Paſſage. 

They had loſt all their Hopes, when being arrived to 
the 34th Degree of Southern Latitude, they at laſt found, 
that by keeping along the tedious Coait of the Cafes, 
they advanced towards the Eaſt, and even could go up 
again towards the North, by coaſting ronnd ca. In 
the Year 1487, they brought to the Court of Po iα the 
agreeable News of the Facility of trading round that great 
Continent, and of doubling the Cape, which terinic:ates 
it towards the South. They began to have better Hopes 
than ever of making a Diſcove.y of the [n4es : A. d the 
Cape, which open'd them a Pallage to them, wa 01 tit 
Account call'd the Cape of Good Hoe. 

Even before this Diicovery, ſo wuch wiſh'd for by King 
John II. one Chriftapher Colum us F a wenceſe, a great 
Navigator, and the Leſt Geographer of his Line, had 
made it his chief Buſineſs to enter into all the Views of 
that Prince, as he was in his Service. He thought he 
might with good Reaſon give his Prince to underſtand, 
that there was a better Way to arrive at the hies, than 
that which was ſought for him by the Extremity of 4/r:ca 7 
That in Prolenys Maps 1, the Eaſtern Lands of 4/a 


Some place this Diſcuvery three Years ſoc ner. 
The Proje& ot Columbus, 1 Sce the Map. 
reach'd 
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reach'd to the i goth Degree of Longitude, and were not yet 
limited: 'T hat very likely they extended till a great way 
into the 180 Degrees of the other Hemeſphere : That they 
might perhaps prove to be very near the Weſtern Coaſts 
of Spain: That without paſſing through the Hands of the 
E oyptians, as the FYenetians did, without undergoing the 
Rains of the Tropics twice, and the Heats of the whole 
Torrid Zone, as thoſe did who attempted the Paſſage 
round the Extremity of Africa, they needed only take 
their Courſe by the Help of the Sea. Compaſs croſs the 
Weſtern Ocean; and that by patiently keeping near the 
ſame Latitude, they, without leaving the Temperate Zone, 
would arrive either to China, or to ſome other Parts of 
Ajia, the Commerce of which would be the Property of 
his Majeſty. Such was the Project of Columbus, and far 
was it from wanting Likelihood. 

Tis true, the Eaſtern Coaſt of China, according to the 
Accounts of the Moderns, does not extend beyond the 
140th Degree of Longitude ; and Columbus lengthen'd 
the Coaſts of China according to his Wiſhes, and brought 
them, in his own Idea, near the Coaſts of Spain, in the 
other Hemiſphere, though theſe are indeed 220 Degrees, 
that is, two thirds of the Globe *, diſtant from them. But 
though the Inſpection of Prolemy's Maps, on which they 
did then depend, ſeem'd in ſomething to favour the Hopes 
of Columbus; the King did not approve them, and would 
not venture his Men and Ships on bare Conjectures. 

Columbus went to offer his Serv.ce and Projects to Fer- 
dinand, King of Cafiile, That Prince, after having be- 
fitated, at laſt ventured an Advance of 17000 Ducats and 
three ſmall Veſſels: Add to this twenty Men, and the 
Proviſions of a Year; and theſe are all the Preparations 
which procured Spain the Riches of the new World. 

The new Admiral ſet out on the 3d Day of Augult of 
the Year 1492, from Palos, a ſmall Port of Andaio:/ia. 
After many Vexations, Troubles, Seditions, and Dangers, 
he had the Satisfaction to ſee Land the firſt : And inltead 
of touching at China, or any other Coaſts of Aa, he 
landed at one of the Lucca andi, almoſt 4000 Leagues 
diſtant from the Coaſts of 4a. He afterwards diſcover'd 


* See Mr, De I Iſle's Globe, 
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the Creater Antilles, viz. Cuba, Hiſpaniola, or St. Domin- 
21, Porto-Rice, and Jamaica: Then the Le/jer Antilles; 
and alter having open d the Door of a new Continent, he 
brought from thence to Spain, Gold, Fruits, and ſeveral 
other Productions. He was forced by the Winds to take 
his Courfe through the River Tayo, He by the Way fa. 
luted the King of Portugal, and had the fond Pleaſure of 
ſhewing him by Effects the Succeſs of a Project, which 
had been rejected by that Prince. Some of his Courtiers 
were for making away with a Man, whole Counſels were 
going to inlarge the Spari/h Monarchy. But the King 
with Dignity reply'd, that the Services done the King of 
Fain were no Crimes; he, with Horror, rejected the 
Propoſal, and careſs'd Merit, though twas become uſe- 
leſs to him. Columbus, on the 13th of Marco 1493, went 
from Lifh.n to Palos, where Ferdinand expected him. 
He enter'd the City in Triumph, with the Sound of 
Vells, and the Acclamations of all the I habitants. Soon 
aſter, he went again to the new World, with ſeventeen 
Ships, provided with all the Supplies neceſlary tor the 
| ſettling a powerful Colony. He did not ſucceed till 
he had been very otten crois'd by Envy, by falſe Reports, 
* and by the Partialities of ſome certain Genius's full of 
"—_ -c-conceit, and always ready to decide poſitively what 
they have not the leaſt Knowledge of. The Love of 
Voyages and Enterprizes became the univerſal Taſte : 
But molt of thoſe who made themicives known to the 
new World by theſe Voyages, being led thither by Ava- 
rice, proved Monſters of Ingratitude, Injuſtice, and 

Cruelty, 0 

Americus Veſputins, a Florentine Merchant, went as a 
baſſenger, or only as one concern d in the Undertaking, 
with a Fleet which ſet out in the Year 1499. He had 
Occaſion to viſit ſome Countries, and to be a Witneſs of 
lome Expeditions. But though he was without Titles, 
and had hardly ſeen any other than the Countries where Co- 
lntus had been before, he publiſh'd ſeveral Accounts, 
herein he attributed to himiclt the Ditcovery of Terra 
fra. His Babbling impoſed upon the People and the 

Court. He was doubly unjuit towards Cælumbus, b 
contributing to deprive this great Man both of his Em- 
floyments and Liberty, and by robbing him, by his 
Tricks, 
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Tricks, of his Reputation, and giving his own Name ty 
the Continent, which Co/ambus had diſcover' d. 
Fernando Cortez, aſſiſted and guided by the Knowledge 
of Grialva, ſubdued to the King of Spain the rich Country 
of Mexico, which affords Gold, Indigo, Tobacco, Cocoa, 


and Cochineal. P:zare took the Opportunity of the Di. 

. viſions of the [zcas of Peru, to inſure to himſelf the Pof- 
ſeſſions of that Country ſo abundant in Gold, and ſtill more 
rich by the prodigious Revenue of the Silver Mine of Fo. 
tei. To both theſe Conqueſts, which procured the Ham. 
ards the two fineſt Parts of America, they added many great 
Settlements in Ch:i/y, the Golden Mines whereof are 
the moſt eſteem'd in the whole Univerſe, along the River 
of La Plata. the adjacent Countries to which are fruit. 
ful as far as Buenos-Ayres, and in Terra firma, where they 
find the Cocoa of Carracos, and the Tobacco of La V:ri:: 
near Comana. 

The State of America has by degrees, and after many Vi- 
ciſlitudes, at laſt taken a conſtant Form. The Coaſts of Bra- 
il are become the Lot of the Portugueze, who continually 
draw from thence the moſt perfect Sugar, Tobacco, Gold, 
Jewels, and Brazi/-wword, which is employ'd, like the Fir- 
tree of Japan, in red Dyes, and in Works artificially 


f Brazil, the Magellanic, and the ad- 
Jacent Countries of the large River of the Amazons, hither: 
to have excited the Defires of none of our Fara: Na- 
tions, either on account of the Barbarouſneſs of the In- 
habitants, who ſtill are Anthropophages, or an account 0! 
the little Value of their Productions. 

From the /#hmus of Panama, which joins Nert» Arie 
rica to South, the Spaniards are in Poſſeſſion of the Coal 
of Terra Firma, to the Mouth of the River Orson. Other 
European Nations, hitherto not very curious of knowing tic 
Heart of the Country, are contented with their Settlements 
on the Coaſts, from the River Orcov0ho, to the River o. the 
Amazons The Dutch hve at Surinam; the Eng/i/- at Maro- 
ui; the French at La Cayenne, and the adjacent Countrics. 

The immenſe Rivers juſt mention'd have their Supplies 
from the long Rains of the Torrid Zone, and in the pio. 
portionable Reſervoirs, which are in the Bowels of the ©” 
dillicras,, the higheſt Mountains of the Univerſe, wiel 
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form a Ridge of above 1500 Leagues, from the /thmus 
to the Streights of Magellan, 

The fine Eſtabliſhments of the French 15 

f e Exerisn 
and Engliſb, are wholly in Ner:h Americas Colonies. 
The Engliſb are there poſſeſs'd of an Ex 
tent of Land above 700 Leagues in Length, on the Eaſtern 
Coaſt. Ihe Iſland call'd Newfourdi/and, which became 
their Property by the Treaty of Uz-echr, puts them within 
Reach of the Cod-fiſhing on the great Bank or Shelf; but 
ſtill without excluding other Nations from it. Acadia, 
which the ſame Treaty has ſecured to them, has convey d 
into their Hands a great Part of the Commerce of C-/rrs, 
which we had with the People of Canada. New Englard, 
New. York, Penſilvania, Maryland, Virginia, and Carol ng, 
al;ogether, are all overſpread with Exgliſb Faniies, which, 
together with the Natives and the Negroes which hz e 
been tranſported thither lor the Culture ot the Lands, 
form many ſtrong and flouriſhing Colonies. Ihe Eg 
are alſo Maſters of Jamaica, aid ſome of the imaller 
Atilles. The Iſland of Bar'a'ves alone, though it be 
not 25 Leagues in Circuit, maintains almolt 60,050 Inha- ' 
bitants. I ſhould have ſaid 100,000, reckoning the e- 
groes, were it a Cuſtom in Enumerations to reckon the 
Beaſts of Burden, The chief View of the Ez7/;- is to 
draw from their Colonies Maſts for their Ships, their 
{mall Timber and Wood for their Buildings and Veſſels, 
rather than always to be obliged to go and buy them in the 
Wood-yards of Hamburgh, or in the Foreſts of Sauen. 
The French Colonies likewite are partly 
in the Continent, and partly in the Iſlands. re — 
Above an hundred thouſand French cul- 2 
tivate the Banks of the River d. Laurence in Canada, and 
there live in Plenty, by means of the Corn, Vegetables, 
and Woods which their Lands afford ; but above all, the 
Caſtor or Beaver, and other Furs, in which they trade 
With the Savages, by xchanges of Stuffs, Goods, and 
all Iron Wares, which they fetch from France, or from 
the Country itſelf. 

The Louifiana or Florida, a vat Country, water'd by 
the River Mi;//;/5ppi, and by a Moltitude of other Rivers, 
begins to yield the French more than bare Promiies. It 
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offers them on every Side Lodgings on an Extent of above 
1800 Leagues: It preſents them every where with Fir. 
trees, Beech-trees, Oaks, and Walnut-trees, that is, with 
the fineſt Woods for Veneering and for Framing; the de. 
licious Fruits of hot Countries, together with the Vege. 
tables and Corn of Euote, which they cannot be without, 
Whatever is carried to that Country, thrives there: The 
imall and large Cattle live there as well as in our own Pal. 
tures. Horſes and other Feaſts of Burden, which mul- 
tiply very eaſily, afford the Inhabitants Services leſs dan- 
gerous than that of the Negroes, and far more agreeable 
to Humanity. But who ſhall perſuade our rambling Fa. 


1 . * .* * 8 
milies, to leave their Dunghill, and go and live honour. 


ably in that happy Country ? If at leaſt the Children of 
thoſe who have no other Profeſſion but Beggary, were 
tranſported thither when young, they would ſoon torget a 
Country ſcarce ever known to them. In theſe new Colo- 
nies they would prove uſeful Subjects to the State, and 
not perpetuate among us a Party of idle Fellows, a Precd 
of profligate Villains, whom we fatten out of Charity, 
and encourage by our Bounty to be good for nothing, 
We have other Eſtabliſhments which improve every 
Day. Out of the Remnants of our Colony of Acad s, 
was form'd that of Cape-Breten, over-againſt the Mouth 
of the River Sr. Laurence, The great Iſland of St. Ho. 
»:ingo, which we ſhare with the Spaniards; the Iſland 
Martinico, and many other ſmall Antilles, which are now 
our Property, ſupply us with Tobacco, Cocoa, Rocou, 
Vanille, preſerv'd Fruits, and, what is ſtill more utetu', 
with Cotton and Sugar, E 
The Sea-Compaſs, which has open'd all thoſe rich 
Countries to the Nations of Eure, has likewiſe render'd 
Wohale- fiſhing eaſy to them, throughout the North. It 
has guided the Engliſb to the Bottom of the White vea; 
and by the Diſcovery of the Port of Archangel, it in pat 
to the moſt Northern Nations of Europe all the Productions 
of the South; in Return for which, it brings back to us 
the Marten-{kins or Sables, and all the Furs of SH 
.urglals, Tar, Sena, the beſt Rhubarb, and mary ct 
d cu! Drugs, which, like the latter, are {carcc!y to de 
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When the Spaniard:, inftead of convey- : 
ing us to 8 and the Indies, as they 1 
delign'd, had found out America, which 
they had not the leaſt Suſpicion of; the Pertugueſe, ſorry 
to ſee in other Hands what had been of- Age Sueceſs of 
fer'd to them, reſumed their firſt Project the Porxrvu- 
of getting to the Indies, there to find an GVESE. 
Equivalent, They in effect arrived thither 5 doubling 
the Cape of Good Hope, and by caufing themſelves to be 
directed by ſome Pilots, whom they took on the Coaſts 
of Moſambique and Mombaxi. Vaſco de Gama had the 
Honour of landing at Calicut, on the Coaſt of Mal bar, 
in the Year 1497. The Portugueſe under his Conduct, 
aud afterwards under that of the great Abuguergue, made 
all the Eaſt tremble with their new Artillery They 
made themſelves Maſters of Ormus, at the Eutrance of 
the Per/ian Gulph, and thereby Maſters of the Commerce 
of the Pearls at Cati/, and of the fineſt Commodities of 
Perſia. They invaded Diu, Goa, Cochin, the Pearl-iſh- 
ing at Cape Cmorin, and the fineſt Ports on the Coait of 
Coromandel, They built Forts every where; at Bengal, 
at Sumatra, and in all the Molucca-I//ands, They con- 
quer'd the Iſland of Macao next to China: By which 
means they uſurp'd the Property of the whole Commerce 
of tie Venetians, They even carried it on with a greater 
Benefit, having every thing at firſt Hand ; and alone ſup- 
plied Eu ape with Vacrniſhes, China Ware, and Silks of 
China, Tonquin, and Cochin China; the Cloves and Nut- 
megs of the Mc/ucca-I//ands, the Pepper of Samatra. and 
of tne Peninſula of Indus; the precious Stones of the old 
Rock of Pegu, Ava, Golcon la, and Viſapour; the Cotton, 
dilk.ſtuffs, and Carpets of the Mogul, and the adjacent 
Countries; the Cinnamon or Bark of the Cinnamon-tree 
of Cen; the Pearls of Cape Comorin, and chiefly all the 
Gold of China and Indus. Never was Fortune more fa- 
vourable to them; for which Reaſon the Reign of Ema- 
8 tne Succeſſor of King John II. was call'd the Go den 
ei en. 

Ine greateſt Misfortune that ever hap— 
Pen'd to Port gal, was their being bee The Peogrebs of 
a Province of Spain, under the Reign 8 
ol ning Philip II. in the Year 1580, and remaining in 

N 2 that 


—— r 


r 


Ore I ter, "wget rar Tg pms, 


268 DIALOGUE V. 


that State to the Year 1640, which was the Year of the 
Reſtauration of the Family of Braganza to the Throne of 
Portugal. The Dutch, who during that Interval did all 
their Endeavours to ſhake off the Yoke of the Spaniſh 
K.ngs, and weie not acknowledged as a free Country b 
Sg ain, till the Peace of Munſter *, found no other Reſource 
than in the Commerce of the Eaſt, when Spain and Par. 
tugal had ſhut up their Ports to them, by which they lived 
before. They every where treated the Portugueſe as Spa. 
niards They took their Commerce and their beſt Settle. 
ments from them; ſo that the Portugueſe, diſpoſſeſled of 
all, and reduced in the Ea to almoſt no other Places than 
Macoa and Goa, had loſt the chief Supports of their State, 
had it not been for the Commerce of Africa, and the Con- 
queſt of Brazil, which comforts, and perhaps fully makes 
them Amends for their Lots. 

Though the Dutch have confined the Culture of Cloves 
to the Iſland Amboina, of which they are Maiters ; though 
they have the fineſt Plantations of all the other kinds 0 
Spices; though they have had the Skill to exclude othe 
Nations from the Commerce of the Silver and Copper of 
Japan, of the Cinnamon and precions Stones of Ceylon 
and without Diipute make the greateſt Figure in all the 
Eait ; yet the Erg/i/þ have by degrees had iome very ad 
vantageous Retreats at Madras in Coromandel, at Surat 
Bom a/, and Amadalat in India, at Banderal alſi, a Sea 
port where ali maritime Commerce is carried on, and 
Which they aſſiſted the Sophy in forming on the Kuins 0 
the E 'abliſhav.it of the Portugueſe at Or mus. 

| | So long as the French were buſied abon 
The Commerce nothing but Wars, or intriguing in foreig 
— 1 m Courts, the French Merchants always 1a 
W their Wiſhes and Efforts towards tharing 
the i reaſures of the Faſt fruſtrated. But now that th 
Vanity o Conqueſts has made Room for the Love 0 
ſimple Juttice, and the Support of Commerce 15 look e 
u;-0n as the Safety of the dtate; the Freue Company! 
urn looks upon itſelf as the firſt Object ot the Attcutio 
: 3. Concern of the Public We are now more agreeably 
t:Len up with all its Tra;.ſaQtions, than we formerly wele 
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with the Motions of our Armies: In conſequence of which, 
ſome new Succeſs chears our Hearts every Year. That 
Company maintains its Credit, by the new Eſtabliſhment 
it ſecures to itſelf in the Eaſt, and by the Improvement of 
the moſt antient, without meddling with the Commerce 
of the Sea-ports in the Levant, or with that of Canada, 
M. fi pi, and the Iſlands; the Profits of which are left to 
private Merchants. They fetch our belt Pepper from 
Make in Malabar near Calicut. The City of Pondicherry, 
the Property of which belongs to them in Coromanae!, 
and which becomes one of the moſt flouriſhing in all the 
lid es, as welk as their Settlements of Maſalipatan, ard 
ſeveral other Houſes of Traffic on the ſame Coaſt, ena- 
bles them in due Time to fetch from all the /dian King- 
doms Kice, Cardamum the Sauce for it, Steel, Cotton- 
wocl, and Cotton ſpun incomparably finer than that made 
by our European W omen, Muſlins, Calicoes painted ar d 
printed with Moulds, or ſtill more nicely work'd by the 
Pencil, the Diamonds of Viſapour and Golconda, and mar y 
other Commodities, which they trade in from one Part of 
the Indies to the other. By this Means they make Amends 
for the unavoidable Diſadvantage they lie under, of ma- 
king the firſt Purchaſe with Ready Money ; becauſe the 
Inhabitants of the Peninſula of Indus make little Uſe of 
our Wools and European Commodities. The Poſt of 
Coardernagor, which the Company poſſeſſes near Ozgly, 
at the Mouth of the River Ganges, opens them the Door 
into the whole Country of the Mogul, whence they fetch 
their Velvets, Brocades, fine Camblets, the beſt Indigo, 
Saltpetre, Borax, Lac, Muſk, and Rhubarb, which is 
brought thither from Boutan and Tartary. The French 
Company, by means of the Houſe which they hold at 
Mergui on the Weſtern Coaſt of the Peninſula of Indus, on 
tne other Side the Ganges, may alſo trade in Rubies, and 
all the colour'd precious Stones of Peg and A, as well 
as in 4regue and Betel, two Drugs which the Indians are 
perpetually chewing; in 'i in, Timber, 'l ortoiſeſhells, 
and many other Commodities which are in Vogue at 
daiqjataia, the Capital of the Kingdom of Siam, on the 

wer Menam. I hey are no leſs attentive to the Ex- 
change (oftentimes very beneficial) which is made of Sil- 
ver tor Gold in the Kingdom of China, Their two 
Iſlands, 
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Iſlands, call'd Maurice and Bourbon, at the Eaſt of Mac 
£9/car, are the commodious Staple of whatſoever they ſeud 
from Furee, and bring back from the Zaft. 

In this ſummaiy Account of the Progreſs of Commerce, 
which now takes in almoſt the whole inhabited World; 
you ſee the ineſtimable Advantages which the Knowledge 
of the Load-ſtone procured us. 


| But if the Science of Phyſics has been 
Le oh; 8 commerce 
in return has totally changed the Face cf 
Fhyſics and of all Sciences. By bringing into each Coun- 
t:y the Productions of all the reſt, it has gradually led Men 
into a right Way of thinking. From Metaphyſics, which 
tld the World with unprofitable Diſputes, it brings them 
back to the Examination of what may be ſeen and done, 
While the Philoſophers of the Schools were ſpending their 
Lurgs in public about trifling Queſtions, or privately 
racking their Brains, in dividing their own Ideas into Sec- 
tions and Paragraphs, without ever minding whether thoſe 
Ideas were agreeable to Nature and the World, which 
they carefully avoided ever looking into, there {prung up 
= new kind of learned and true Philoſophers, whole K no.. 
edge was grounded on Experience, and relative to our 
Wants. You perhaps expect here to have the Hiſtory of 
the Principles of Deſcartes, or of the Theodicy of Leitritz : 
But theſe will find a Place in the Hiſtory of ſyſtematical 
Phyſics, The firſt Naturaliſts, who have been inſtructed 
by Commerce, and whoſe Learning was ſo ufeful to us, 
are our Navigators and Druggiſts. Let us now ſee, what 
we are beholden to them for, | 
Navigators, whoſe Numbers increaſed every Day, of 
Neceſſity became Mathematicians and Aſtronomers ; and 
by conſequence Aſtronomers and Mathematicians every 
where ſprung, who chiefly wrought for the Aſſiſtance of 
Navigation. About the End of the 15th Century, Pure 
bach, a Proſeſſor of Philoſophy at Vienna in Azfiria, hav- 
ing, by the Advice of Cardinal Be/arion, learn d the 
Greek Tongue, made himſelf capable of tranſlating from 
the original Text the great Conſtruction of Claudius Fiv- 
lemy. His Diſciple George Muller, ſurnamed KRoyaumnt, 
compoſed the Ephemerides. Stoefer, another German, 


gave very good Directions for conſtrudting the __ 
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In France, about the Beginning of the 16th Century, 
Oronce Fine, the Royal Reader, encouraged by the Grati- 
kcations of Francis the Firſt, the Reſtorer of Letters, and. 
aſſiſted by the Accounts which then began to be ſent from 
the Indies and the new World, made geographical Maps; 
conſtructed more particular Globes; invented new Inſtru- 
ments to carry on the Work both of Sailors and Perſons 
who made - Obſervations, and inſtructed a Multitude or 
Mathematicians. He applied Aſtronomy to Ciock-mak- 
ing, and was the firſt who attempted to produce an aſtro- 
nomical Pendulum *, which in every thing moved accord- 
ing to the Notions of Ptolemy. 

It muſt be confeſs'd; that the geograpical Maps, which 
we have of thoſe Jimes, are extremely defective. They 
ſometimes have America divided into two Parts towards 
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b the Middle; though the Northern America be join'd with wel! 

the Southern by the Ams of Panama. They moi 0 

8 commonly ſhew a Pailage towards the North into the p abi 

South Sea, though the Eugliſo, Danes, and French Pilots 1 

1 have always ſought for it in vain : Juſt as the Dutch have N 

ö to no Purpoſe look'd for a Paſſage round the North of {1088 

- Tarlary, to get into the Eaſt, So that the ill Succeſs of WO 

r all theſe Attempts makes us preſume, or even affirm, that At 

f Tartary is join'd to America, and that we. muſt no longer ql 

7 think of going to the Indies or China, by the North ot {1 

1 Tartary, or the North of America, We very often find l. 

i in theſe antient Maps, the Southern America lengthen'd Wl 

. out to the Meridional Pole; though Magellan and L „ 

t Maire have, by turning round it through the Magellanic M 
Streights, and behind the Hand of Fire, inform'd us, that "48 

f America is ſeparated from the Terra Axjiralis, Notwith- 149 

d ſtanding theſe Defects, and many others, if all the old | | 

Y Treatiles of the Philoſophy of the Schools (the Heap of 0! 

f which would indeed be very large) were put on one Side, [' 

„ and the Maps of Peter Appian, or of Oronce Fine, unfinith'd 1 

ſe as they were, on the other; I ſhould ſet no other Dif- il 

e ference on their Value, than that which is between rough 

n Diamonds, which in Time will be faſhion'd, and Dreams 

N which deſerve nothing but Oblivion. 

ly Ir is keptin the Monaſtery of Sa ix xx GENEVIEVI. 
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When the ſeveral Parts of the Mathematics had once 
enchanted all Minds, by the Exactneſs of their Demon. 
ſtrations, and the vaſt Uſefulneſs of their Productions; the 
Philoſophy of the Schools was look'd upon as a temporaiy 
Exerciſe, which might, they ſaid, be made uſe of to 
ſharpen the Wits of Youth : But they reliſh'd, and con- 
ſequently applied themſelves to uſeful Phyſics, which 
fill d Mankind, not indeed with empty Words, but with 
real Things. The Study of Geography and the Globes, 
that of the Winds, the Tides, and the Moon, of the Hea- 
vens and all their Motions, of Compaſſes, and all their 
Uſes, of Arithmetic and Mechanics, came every where 
into Favour, and met with ſure Rewards in the nice Taſte 
of Princes, and the Gratitude of the Nations which were 
inrich'd by that Sort of Phyſics. 

Next to Travellers, who have awaken'd Curioſity 
amongſt us, and made us ſenſible of the Neceſſity of Ma. 
thematics, thoſe, who have promoted the Advancement 
of experimental Learning moſt, are our Druggiſts ; who, 
by ſetting in Order the foreign Productions, have as it 
were gather'd before our Eyes the Particularities of the 
whole inhabited World, Theſe rich Collections of the 
Works of Nature, open'd new Treaſures to Pharmacy, to 
Dyers, Goldimiths, Painters, Chemiſts, and to Arts and 
Sciences in general, All found therein new Trials to 
make, new Hints of Truth, and ſure and ſolid Informa- 
tions. 135 

Natural Hiſtory was then undeceived, with * to 
the Origin and Virtues falſly attributed to ſeveral Produc- 
tions of Nature, and daily diſcover'd the Uſefulneſs of ten 
thouſand others which ſhe knew not: Nay, Anatomy 
itſelf, which ſeems not to ſtand in any need of the Aſſiſt- 
ance of Foreigners, found in the Diſſection of Animals 
unknown to Europe, the Confirmation of what was as yet 
only ſuſpected, and the aſcertaining of what had hitherto 
eſcaped our Reſearches. I hey at laſt grew weary of un- 
fruitful Diſputes, and Notions daily contradicted by the 
Inſpection of Nature. By degrees, we are come to that 
wiſe Method of inveſtigating Truth, not by Arguments, 
or the Authority of any Philoſopher, but by experience, 
and by means of our own Hands and Eyes. The Study 
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; JI 


* *—— a=. ww 


J m ⁵ ß A. ME. 


5 
2 
| 
/ 
/ 


Of che EOMPASS. 273 


may be applied, (a Work formerly look'd upon as but 
Loſs of Tume, or an Employment fit only for low Me- 
chanics) is now thought the only valuable Philoſophy. 
A Prince or a Lord, among us as well as among our 
Neighbours, would be pittied, ſhould he talk of metaphy- 
fical Degrees : But he thinks it an Honour to have a Vir- 
tuoſo's Cabinet; and the more he is acquainted with every 
minute individual of it, the more he ſhews himſelf in- 
form'd of the true Concerns and Works of that Society, 
to the Governing of which he was appointed by Provi- 
dence. 

The Care which good Maſters now-a-days take to clear 
Philoſophy from frivolous Queſtions, to treat therein at 
large Geometry and Mechanics, and to make the Whole 
refer to Experience and the Neceſſaries of Life, is a juſt 
Motive to applaud the Cuſtom of truſting them for two 
Years together with ſuch of our Youth as are deſign'd to 
fill the Poſts in Church and State. But their Labour 
might be render'd incomparably more uſeful, if, in order 
to improve the Maſters themſelves, their School {at leaft 
in large Cities) had in it a Virtuoſo's Collections, a Garden 
fll'd with all the common Plants, and a regular Courſe of 
phyſical Experiments. | 

One might copy in little the Order of the magnificent 
Cabinet of Rarities, both artificial and natural of Mr. Bo- 
mer de la Moſſon x. We find the Model) of a ſmall Garden 
of five or ſix hundred uſeful Plants, in Mr. De la Serre's + 
Garden, where the Tickets which are placed near each of 
theſe Plants, are in lieu of Maſters and Informa ions. A 
Model of an excellent Courſe of Experiments may be 
taken from that of the Abbe Net t, where every body 
may, without any earneſt Application of Mind, and in 
leſs than twenty Conferences, be inform'd of the moſt 
important Points of Natural Philoſophy, 

The Prince and the Magiſtrate, the Preacher and the 
Merchant, and all ſuch as are appointed to di ect the In- 
tereſts, or form the Minds of Men, might, in theſe agree- 
able Demonſtrations, learn how to talk, and knowingly 


Rue St. Dominique. 
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deliver their Opinion of whatever is uſeful. They mig! 
find in a Cabinet of Natural Hiſtory, of Mechanics and 
experimental Phyſics, the Patterns of whatever Men can 
collect, exchange, manufacture, or work; as alſo of all 
the Errors which may be made in them: And, in ſhort, 
the whole Matter of Commerce and Induſtry. An Eſta. 
bliſhment like this would have the uncommon Advantage 
of fitting all Conditions and Genius's, of attracting all 
Men, and of tiring none, of forming and refining our 
Taſte, of maintaining Curioſity and Correſpondences, 
every where, of keeping many Eyes open'd on the Par— 
ticularities of every Country, of adorning the Mind with a 
Knowledge every where manly and becoming, of even 
affording the Topics of the moſt entertaining Converſa- 
tions, and (what is indeed an ineſtimable Point) of aftord- 
ing every body an infallible Means of buſying himſelf 


uſefully, A Philoſophy like this would, in ſome Senſe, 
be the Art of living bappy. 
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HE particular Account of the Experiments of mo- 

dern Philoſophy has no Bounds; and yet we can- 
not avoid preſcribing Limits to ourſelves. I then ſhall 
think myſelf to have gone through the whole Hiſtory, and 
yet have made it ſhort, if I confine myſelf to fuch Experi- 
ments as are moſt fruitful in great Effects, and chiefly to the 
three Inventions of the Seventeenth Century, that caſt the 
greateſt Light on all Parts of natural Knowledge. You 
lee, Sir, that I mean here the Teleſcope, the Air-pump, 
and the Microſcope. Theſe three Inſtruments are in A- 
ſtronomy and univerſal Phyſics what the Furnace is in Me- 
allurgy, the Lever in Mechanics, and the Compaſſes in 
Geometry. They every Day make us diſcover, either in 
the Order of the Heavens, or in the Texture of Bodies, 
or the Relations the ſeveral Parts of Nature have with our 
Wants, a Number of Truths which were not known, or 
evident Proofs of what we had but an uncertain Glimpſe 
of, Theſe three Inſtruments are become Guides to all 
Obſervers : And acquainting one's ſelf with the Diſcove- 
ries, for which we are beholden to the Teleſcope, the 
:\ir-pump, and the Microſcope, is learning the nobleſt 
Parts of both practical m - ami Phy ics, 
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A ſort of Chance gave Birth to the TI. 
vention of the Spying-glaſs or Teleſcope. 
The Children of a certain SpeQtacle-ma- 
ker of Midelboung, in the Iſland of Zealand, playing in- 
their Father's Shop, made him obſerve, they ſay, that when 
they held between their Fingers two SpeRacle-glaſles, and 
put them one before another, at ſome Diſtance, they ſaw 
the Weather-cock of their Church much bigger than or- 
dinary, and as if it were very near them, but in an inverted 
Situation. The Father, amazed at this Singularity, be- 
thought himſelf of adjuſting two Glaſſes on a Board, ſup- 
porting them in two Braſs Circles, which might be removed 
or ſet cloſer ad /ibitum : By this means they could ſee bet- 
ter and farther. Many Virtuoſo's flock'd to the Spectacle- 
maker: But this Invention remain'd a while unfinith'd, and 
of no Uſe. Some other Workmen of the ſame City, one 
call'd Zacharie Janſen, and the other James Metius, in 
Emulation of each other, made uſe of that Diſcovery, and, 
by the new Form they gave it, made all the Honour of it 
their own. One of them, conſidering the Effects of Light, 
placed the Glaſſes in a Tube blacken'd within. E, this 
means, . he diverted and abſorb'd an infinite Number of 
Rays, which by reflecting from all ſorts of Objects, or from 
the Sides of the Pipe, and by not reaching the Point of 
Reunion, but falling on one Side, confuſed and dimm'd the 
principal Image. The other, ſtill more cautious, placed 
the ſame Glafles within Pipes jointed, and ſliding one in an- 
other, both to vary the Proſpects by lengthening the In- 
ſtiument at one's Will according to the Wants of the Ob- 
ſerver, ard to render the Machine portable and commo- 
dious, by the Diminution of its Length, whenever it ſhould 
be either removed from one Place to another, or laid by 
and no longer made uſe of. There are ſome Conteſts 
among the Learned, about the Share which the two Arti- 
ficers abovemention'd had in the Invention of the Tele- 
ſcope. To avoid Quotations and tireſome Diſputes, I ſhall 
only inform you, that ſeveral Men, by a Variety of Expe- 
riments, contributed to the Perfection of that Inſtrument; 
and that it is to the Dutch the Public is indebted for 10 
noble a Preſent. When it firſt appear'd, it had no other 
Name but that of Lunettc d Lol. ande. 1 


The Invention of 
the 1 cleſcoxe. 
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It was ſoon noiſed abroad; and Galileo, Aſtronomer to the 
Grand Duke of Tuſcany, having heard of it; they ſay, that 
without having had as yet any Model before his Eyes, and 
on the bare Idea which the Recital only gave him of them, 
he framed ſeveral large Glaſſes, and adapted them to ſome 
long Organ-pipes, with which he perceived ſome Spots 
about the Sun. He ſaw that Star moving on its Axis in 
near 26 Days: He diſcover'd the four Moons of Jupiter, 
and call'd them the Stars of Medicis. He had a Glimpſe of 
two Ears or Handles on both Sides of Saturn, which af- 
terwards proved to be a large luminous Ring, wherewith 
this Planet is incompaſs'd : In ſhort, he ſaw a new Hea- 
ven, and a Sun quite different from that hitherto ſeen. He 
*ſoon gave the Public /ame News of thoſe Starry Regions, 
which his Glaſs put within his Reach. Here I ule the 
very Title of the agreeable Account he publiſh'd of his 
Diicoveries, 

This was ſoon heard of every where. It is univerſally . 
known, that the Senators of Venice, who were moſt emi- 
nent both for their Learning and their Love of the public 
Good, invited Galileo to come, and in their Preſence to 
make a Trial of his new Inftruments. He complied with 
their Deſires, and in a fine Night, neither cold nor cloudy, 
he ſhew'd them with his Teleſcope the new Phznomena 
which were now every where talk'd of, and which the 
Learned refuſed to admit, becauſe they overthrew all their 
Notions. That Night was fatal to the Syſtem of the 
Schools; and the perfect Conformity which Galileo cauſed 
the Venetian Nobility to remark, between the new Obſer- 
vations and the Syſtem of Copernicus, began to give Credit 
to that Syſtem. Never Conference was ſo illuſtrious, or 
of greater Concern. But nothing hinders us from aſſiſt- 
ing thereat, and hearing Galileo himſelf ſpeak. Let us 
tranſport ourſelves in Imagination to the Tower of Sz. 
Mart. The Maſter we are going to hear, the Audi- 
ence, and the Novelty of the Invention, all, in ſhort, will 
con cur to make us reliſh this Aſtronomical Lecture. 

Let us ſuppoſe the Night appointed for the Rendezvous 
is come: The Stars beginning to ſparkle on all Sides: 


* Nuncius Side reus. 
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Their Number and Splendor increaſing on the Diminution 
of the Twilight: The Tubes mounted and pointed: The 
Lords upon the Tower : Moſt of them already have ſatis. 
fied, one after another, their firſt Curioſity, by directing the 
Glaſſes towards ſeveral Points of the Heaven. But the 
Planet Venus, ſeen after Sun-ſet in the greateſt Diſtance it 
can be in with regard to that Star, being the fineſt Star 
which then ſtrikes their Eyes; all turn their Attention to- 
wards it; and their Surprize is extreme, to find in the 
Glaſs the Figure of Yenus obſcured one Half, and horned 
from Side to Side; inſtead of appearing round in the Glaſs 
as it does in the Eye. How! Is then Venus to be eclipſed? 
But how can that be, when the Earth is not between 
her and the Sun ? Does ſuch a thing ever happen ? Is there 
any other Body beſides the Earth, that can caſt its Shadow 
on that Planet? Is Venus ever eclipſed? Or has Venus its 
various Phaſes as well as the Moon? Has ſhe alſo her Creſ- 
cent and her Full? To all theſe Queſtions, and a great 
. others inceſſantly multiplied here is Galiles's An- 

wer. 


Gentlemen, 


Ir is from the Obſervation of this Phænomenon, that 
the Deciſion of the great Queſtion, which divides Aſtro- 
nomers, does now depend. In order to enable you to judge 
of it, I am firſt to lay before you their Thoughts about the 
Economy of the Heavens, We ſhall afterwards come to 
the Uſe that may be made either againſt or in Favour of 
their Sentiments, of the Phaſes which we juſt now ob- 
ſerved, and which were not known before in the Planet 
Venus. I cannot entertain the Company with a nobler 
and more agreeable Topic, till the Riſing of the other 
Planets ; in which I am to obſerve to you Singularities ho 
leſs ſtrange than is the Creſcent of Venus. 

The 8 Eudoxus, Ariflotle, Hipparchus, and all 
. yon of the Greeks, who began to ſearch into the 
Order of the Heavens ; Ptolemy, who in 
the ſecond Century improved Aſtronomy ; after him the - 
tians; next to theſe Alphanſo King of Caſtile ; Sacroboſco Pro- 
feſlor at Paris; Purbach in Auſtria, in the Fifteenth Century, 
and his Diſciple Royaumont in the Sixteenth ; in ſhort, 


almoſt all the Aſtronomers have made the Earth the un- 
moveable 


, 
, 
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moveable Centre of the Univerſe. They ſuppoſe that the 
other Planets revolve round the Earth in ſo many different 
Heavens, nearly concentric, and raiſed one above another, 
wiz. Firſt, the Moon; then Mercury, and then in order, 
Venus, the Sun, Mars, Jupiter, Saturn, and at laſt the fix'd 
Stars, It was not an eaſy Matter for them to conciliate 
the daily Motion which carries the Stars round the Poles 
of the World from Eaſt to Weſt, with another peculiar and 
very ſlow Motion which carries them away round the Poles 
of the Ecliptic, and from Welt to Eaſt in the Time of 25000 
Years; and at the ſame Time with a third Motion, which 
hurries them away in a Year, and from Eaſt to Weſt, round 
the Poles of the Ecliptic. They were no leſs at a Loſs, 
how to reconcile the annual, and the daily Motion of the 
Sun in quite contrary Ways. A new Difficulty join'd to 
theſe, about the particular Courſe of each individual Pla- 
net. They heap'd up one Mobile upon another, one of 
which went one Way and the other another. After the 
firſt Mobiles, they placed ſome very large Heavens of ſo- 
lid Cryſtal, which by rolling one over another, and by a 
mutual and violent Claſhing, did communicate to each other 
the univerſal Motion received from the primum Mobile; 
while they by a contrary Motion reſiſted this general Im- 
preſſion, and by degrees carried away, each after its own 
Manner, the Planet for the Service of which it was deſign- 
ed. Theſe Heavens were ſolid ; otherwiſe the upper ones 
could have had no Influence on the inferior to make them 
daily move; and they were of the fineſt Cryſtal, becauſe 
the Light of the Stars could not otherwiſe have penetrated 
the Thickneſs of theſe Arches applied one over another, 
nor have reach'd our Eyes. Many Aſtronomers were ſo 
moderate as to be contented with ſeven or eight different 
Spheres; while others wrapt no leſs than ſeventy of them 
one in another, They no ſooner diſcover'd ſome new 
Motion or Effe& as yet unknown, but they immediately 
patch'd up a new Sphere. But among the reſt, nothing is 
more arbitrary than their Way of explaining each after his 
own Method, the Singularities of the Courſe of the Planets. 
It is obſerved of molt of them, that in a certain Time they 
advanced dire&ly according to the Order of the Signs, that 
15, from Weſt to Eaſt : That they afterwards are for a-while 
lll in the ſame Point of the Heaven, and finally, that 55 

Sem 
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ſeem retrograde, and to repaſs from Eaſt to Weſt, through 
many of the Points which they had before run over. Lo 
account for this, they all of them make the Planet roll from 
Welt to Eaſt on the Border of a little Sphere, which they 
call Epzcyc/e, while the Centre of that Sphere rolls the ſame 
Way on the Arch of its Deferent, that is, of the great Hea- 
ven which is peculiar to it. Whence it happens, according 
to them, that when the Planet aſcends the Top of its Epi. 
cycle, we ſee it go directly, and according to the Motion 
peculiar to its own Heaven. When afterwards it deſcends 
into the Quadrature, or Under fide of the Fpicycle, it ſeems 
ſtationary : Becauſe as much as its Heaven carries it away, 
according to the Succeſſion of the Signs, ſo much it devi- 
ates therefrom, by advancing in the Under-part of its Epi- 
cycle contrary to the Succeſſion of the Signs. Then, they 
ſay, it muſt appear retrograde, when advancing in the in- 
ferior Part of its Epicycle from Eaſt to Weſt, and quicker 
than its Heaven advances from Weſt to Eaſt, it is ſeen go- 
ing back, till it _ appears motionleſs and ſtationary ; 
when again aſcending the Side of its Epicycle, it advances 
one way no more than its Heaven advances the contrary. 
It is no eaſy taſk to tell you how their Epicycles could 
move through theſe thick Cruſts of Chryſtal : They how- 
ever found means to extricate themſelves ; as they always 
had Recourſe to geometrical Lines, which never found any 
Obſtacle to their Paflage on Paper; the whole paſs'd for 
true Phyſics. They foretold Eclipſes, and the Returns of 
the ſeveral Aſpects. Who, after all this, could have doubt- 
ed of their having the Key of the Structure of the Heavens! 
"Tis true, in Order to make all thoſe Pieces move with as 
little Inconſiſtency as poſlible, eſpecially when they were to 
| 2s their Spheres different Centres, they were forced to 
elineate ſome certain furrows, or to notch on the Arches 
ſome Grooves, in which they, jointed, and made the Te- 
nons and Mortiſes of their Epicycles to ſlide. All this ce- 
leſtial Joyner's Work, to which others till added ſeveral 
Pieces, fit therein to produce Balancings, or perpetual go- 
ings backward and forward, did ſo much diſpleaſe the King 
of Caſtile, (who, for want of ſomething better, took the 
whole for good Truth) that he one Day ſaid, in the Per- 
plexity which this Multiplicity of Orbs and Orbits gave 
him, that if Gov had call'd him into his Council, the we 
chine 
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chine of the World would have been much leſs complex. 
This profane Jeſt is neither for the Honour of the Royal 
Aſtronomer, or that of the Hypotheſis which gave Birth 
to his Majeſty's Impatience. 

Aſtronomers, notwithſtanding the Liberty they wok to 
multiply Machines according to their Wants, yet never con- 
trived any Thing that could account for the Appearances of 
the Motions of Mercury and Venus. The brilliant Planet 
yonder, according to Aſtronomers, turns round the Earth as 
round its Centre : But, according to 'Truth it turns round 
the Sun No Aſtronomer ever ſaw the Earth between Ve- 
aus and the dun; and I can give you Proofs of my having 
often ſeen Jenas beyond the Sun, which overthrows their 
Hypotheſis, and gives me an Occaſion of propoſing another, 
more agreeable to the Experiments which the Teleſcope 
procures us. Were it true, that Ve turns round the Earth, 
it ſhould firſt be (as really it is) ſeen to pais between the 
dun and the Barth, that is ir. Conjunction. The Earth 
ſhould alſo be ſometimes ſeen between the Sun and Venus, 
which would then be in Oppoſition, or 180 Degrees from 
the Sun; which never happens, ſince Venus is never ſeen 
more than 48 Degrees diſtant from the Sun. She then be- 
pin to draw near him again, and atlaſt is loſt in his Rays, 

ut though they ſhould, by their Epicycles and Machines, 
be able to account for the Appearance, according to which 
Venus never goes more than 48 Degrees from the Sun, as 
we now ſee it; there is ſtill an Obſervation. which muſt 
make us for ever diſlike the Order which P:olemy thought 
he perceived in the Heavens. 

Ihe Planet Venus, which you juſt ſaw in the Teleſcope 
under the Form of a Creſcent, or rather as the Moon when 
near a Quarter old, is ſeen thus horned, merely becauſe it 
ſhews us a Part of its inlighten'd Half: It begins to draw 
ncar its Conjunction. In a few Weeks you will ſee that 
Creſcent grow leſs, and diſappear at laſt, when the Planet, 
coming down between the Sun and the Earth. ſhall turn its 
whole dark Half towards the Earth. By degrees ſhe will 
diſengage herſelf from the Rays of the Sun; and being 
more Weſterly than he, we ſhall no longer ſee her at Night, 
but in the Morning. She will be ſeen ſooner than the Sun; 
lince the Sun being then more towards the Eaſt, will not ap- 
Pear above the Horizon till after her. But the more you 
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ſhall then obſerve her Progreſs in the Morning, the larger 
and rounder you will ſes her every Day. The Teleſcope 
will make you ſee her almoſt wholly, or like the Moon 
near its Full : Which can procced from no other Cauſe, but 
her ſhewing us at that Time almoſt her whole inlighten'd 
Half. The fuller ſhe becomes, the more ſhe is then ſcen 
to approach the Sun. You are ſenſible, that were ſhe then 
between the Sun and us, ſhe could not be ſeen at all; ſince 
her whole inlighten'd Half would then be turn'd towards 
the Sun, If then ſhe is ſeen almoſt intire, and drawing near 
the Sun, it is becauſe ſhe is beyond the Sun; in which Cale 
we muft needs ice her on the inlighten'd Side ; She then 
turns round the Sun, not round the Earth; and if ſo, we 
muſt of Courſe find the Proof of it in the Decreaſe ot her 
Brightneſs, which muſt be proportion'd to her Diſtance. 
Now, that ſhe is, with regard to us, as much diſengaged 
from the Rays of the Sun as ſhe poſſibly can be, and riw- 
ing near us, her Splendor muſt be very great. Ot this you 
are now convinced, by the bare Teſtimony of you: Eyes, 
On the contrary, when three Months hence ſhe ſhall be 
near her Full again, though ſeen in Front, ſhe muſt be much 
leſs brilliant, becauſe we then ſhall ſee her only in the 
Neighbourhood of the Sun, and wich Regard to the Earth, 
more remote by the whole Diameter of her own Orbit. 
Of this J was alſo inform'd by the Teleſcope ; and daily 
Experience may convince you of it. Therefore Mercury 
and Venus (for it is with the one as it is with the other) do 
not turn round the Earth. Theſe two Planets, and very 
likely all the reſt, have the Sun for their Centre. Plot. 
my Hypotheſis is then demoliſh'd ; and without c_ 
to Confutation of whatever is therein advanced, it is ſelt- 
evident, that aſtronomical Obſervations claſh with it, and 
therefore it muſt be for ever rejected. 

It is not enough for me to have demonſtrated the Falſ- 
hood of that Syſtem : I muſt yet replace it by another 
Hypotheſis leſs complex, and more agreeable to Appear- 
ances. But I beg of you, Gentlemen, to remember, that 
the new Order I now oſſer you, though more ſatisfactory 
in all Reſpects, yet is ſtill but a bare Suppoſition. Ihe 
Heaven may be very different from what I take it to be. I 
give you my Thoughts only as ſuch, and would willing}, 
if poſſible, be at Variance with nobody. The 
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The Ground of that Hypotheſis is not mine. I am ſatis- 
fied, Gentlemen, with the Pleaſure (indeed not inconfider- 
able) of communicating to you the Proofs which make it 
acceptable, by ſhewing you in the Heaven with this new 
Inſtrument, what the Eye, without that Help, could not di- 
ſtinguiſh there before, and what would have given to the 
Author of that Hypotheſis much greater Confidence. 

It conſiſts in ſaying, that the Heaven and the Stars, with 
regard to us, are perfectly at Reſt, and that the Motions by 
us aſcribed to them, proceed only from the Earth, which 
moves on its Axis, and is with the other Planets carried 
away round the Sun as their common Centre. 'This Idea 1s 
very far from being new, but it met with too great a Re- 
ſiſtance from univerſal Prejudice, to be able to gain any 
Credit. The Pythagoreans, above 500 Years before Cn Ist, 
taupht it in a very myſterious Manner, as they did all their 
other Opinions. Afterwards Philolaus, Ariſiarcbus, and 
above all, Cleanthes of Samos, gave Offence to many, by 
openly teaching. That the Heaven was at Reſt, and that 
«it was the Earth, which was carried round the Sun accord- 
ing to the Line of the Eeliptic, daily turning on its own- 
„Axis.“ This Opinion was almoſt forgot till the laſt 
Century, when Cardinal Cz/a revived it. But neither, he, 
or any of thoſe who maintain'd it before him, had obſerved! 
enough to have a Right to overthrow the old Hypotheſis, 
which had been of ſo long ſtanding, and was thought to 
be founded on the Teſtimony of the Eyes. 

At laſt Copernicus, born in the Year 1472, at Thorn a Ci- 
ty of Poland, and a Canon of the Church of Varmie, ru- 
minated on this Opinion again, clear'd it perfectly, and by 
at:duous Obſervations found it wholly agreeable to the 
State of the Heavens; and having given his Books Of the 
Revolutions, after thirty Years Labour, he ſurprized all the 
underſtanding and attentive Part of Mankind, by making 
them perceive a moſt wonderful Exactneſs and Simplicity, 
in an Opinion hitherto rejected as abſurd. The Sum and 
vubſtance, which I ſhall here give you of it, will, I hope, 
neither be thought tedious or unneceflary. 
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Tt is a conftant Rule of Nature, that we 
ſee tho:e Objects turn or move whoſe Ima. 
ges change their Places in our Eyes, or 
paſs from one Point of the Eye to the other, without moy- 
ing the Eye or the Head. It is another Ru'e of Nature, 
perfectly agreeable to the firſt, that Objects appear to us 
fix d, when their Images remain painted in our Eyes on 
the ſame Points of the — without varying. Thence 
it happens, that ſitting in a Boat, all Parts of which are al. 
ways in the ſameSituation. both with Regard to themſelves, 
and with Regard to us, and the Image of which conſequent- 
ly does not change its Place in our Eye, we then ſee that 
Boat as unmoved, though it be continually in Motion. On 
the contrary, the Images of the Tower of St. Mar4, of the 
Steeples of Venice, and of the Trees that ſurround the Ter- 
raſſes, change their Places in our Eyes, and paſs fiom one 
Point to another, according as the Gondola brings us near 
thoſe Objects, makes us paſs by, or carries us from them, 
By a neceſſary Conſequence of this Motion of the Images, 
it always happens, that we perceive all the Obje&s which 
reſpectively correſpond to them, as though in Motion. We 
ſee the Town, the Steeples, and the Trees on the Water- 
fide coming towards and paſſing before, or atterwards go- 
Ing from us; while it is ourſelves who leave the Port. 


Cor Ekxxicus. 


Provehimur portu ; terrægue urbeſque recedunt. 


Let us now apply this Obſervation to the Syſtem of Na- 
ture. If inſtead of making the Sun, the Stars, andet im- 
menſe Number of the celeſtial Bodies, to turn round and be 
for the Service of the Earth, which is but a Point in Com- 
pariſon, it had been the Pleaſure of the Author of all Things, 
to make the Earth and other Planets turn round the Sun for 
ſeveral Months together, and each of them turn in a 1ew 
Hours on its own Axis; we then ſhould ſee Things go juſt 
as we now do. The Expence would be but very little, and 
yet the Effects be equally magnificent. The Stars and the 
Sun, though conſtantly fix'd in one Place, without ever 
leaving of it, would appear to us to aſcend, to go down, and 
then diſappear The Earth, though conſtantly advancing 
in a great Circle round the Sun, and making every four an 


twenty Hours a whole Revolution on itſelf, would ſeem 2 
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us perfectly ſtill. It is plain that the Earth would appear 
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anmoved, ſince all the Points which we ſee on the Earth 
being always in the {ame Order, both among themielves 
and with Regard to us, the Images ot them painted in our 
Eyes would never change their Flace at any i ime. On the 
contrary, the Sun, the Planets, and the Stars, would ſeem 
to us perpetually coming up or going down, according as 
their Images ſhould come and place themſelves in the low- 
er or higher Fart of our Eye. Ihe Planets, eſpeciaily, hav- 
ing a peculiar Courſe of their own, while our Earth has alſo 
its proper Motion, would ſeem to us to have the great- 
eſt Variety of Motions, though they had indeed but one, 
and that very uniform. Let us begin wich the clearing of 
this Point, the moſt difficult of all; after which, the daily 
and annual Motion will no longer be perplexing to us. 
Nothing in the World can be more intricate than the 
Courſe of the Planets in Prolemy's Hypotheſis: Nothing, on 
the contrary, is more ſimple than all the Directions, Stati- 
ons, and Retrogradations of the Planets, in Copernicus's Syſ- 
tem. Give me leuve, Gentlemen, in Order to make you 
ſentible of the important Doctrine of the Poliſbꝰ Aſtronomer, 
on the apparent Irregularities of the Planets, here to chuſe 
three or tour Objects on the Platform ot this Tower, and at 
Pleaſure to make them move round an unmoveable Point 
which 1 will call the Sun. The illuſtrious Lord Sagrecdo,f 
quietly fitting in the Middle of this Place, will be ſo good to 
tand us in Lieu of that Star. He ſhall, if he pleaies, have 
both the Function and the Name of it, ſince he conveys Joy 
and L1_ht wherever he goes. Let us take the Footman 
Veroneſe, which I find here with his Flambeau, to repreſent 
the Planet Venus. I ſhall indifferently call him Venus or 
Veroneje. As tor me, I ſhall be the Earth, and in whatever 
I ſhall ſay of the Motions of our Globe, Galileo or the Ex:th 
ſhall be but one and the ſame Thing Let Vereneſe turn in 
tix or ſcven Minutes round che Lord Sagredo at a reaſon- 
able viitance : I ſhall at a farther Diſtance make the ſame 
Cucuit in caeive Minutes: So that he will double or com- 
plete almoſt two Revolutions, while I ſhall make but one. 


} That VæxTTIAx I ord had a very tender Love for Ga1.11” o, and 


he is one of be Perſons whom the great Aittronomer introduces fpcaxing 
his Dialogues, 
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profil: This is the Creſcent of Venus. As he advances, 


Head. You then have here the Diverſity of the Appear- 
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Veroneſe, as he goes, ſhall always turn himſelf towards che 
Sun, in order to imitate with his Face the inlighten'd Hab 
of that Planet, and with the hinder Part of his Head tha 
Half of Venus which remains darken'd. Here is no the 
Reſult of the Concourſe of our two different Courſes, 
Now that Yerone/e is almoſt between the Sun and me,! 
ſee the Sun; but Yerone/e's Face, which is turn'd toward; 
the Sun 1s wholly hidden from mze. 'The Planet is then in. 
viſible as it draws near to its Conjunction. Yeroncſe goes 
faiter than me: He paſſes under the Sun: He goes ſome. 
what from me on the Right, and I begin to ſee his Face in 


and 1s ready to get behind the Sun, ſtill looking at him, he 
turns his full Face towards me: I then ſee Venus at full, ot 
nearly ſo. I ſee her ſo, only becauſe ſhe turns, not indeed 
round me, but round the Sun. When Yerone/e (Mill going 
before me, ſince he goes twice as faſt) ſhall have diſip- 
pear'd a while, being hid behind the Sun, I ſhall ſoon lee 
him appear again in full to the Left of that Star. As he 
ſhall come down towards me, ſtill looking on the Sun, [ 
{hall ſee his Side-face, till he wholly diſappears again, by 
placing himſelf directly between the Sun and me. In which 
Situation he ofters to my View only the hinder Part of his 


ances of Venus, ſuch as the Teleſcope diſcovers them to you, 
very well deduced from the Circuit of Venus round the Sun; 
and the Neceſſity of that Circuit demonſtrated by Phales 
which ſuppoſe its Reality. For the Earth being never be- 
tween Venus and the Sun; if the inlighten'd Half of that 
Planet may be ſeen almoſt full, that can only be when the 
Earth is on this Side the Sun, and when Venus proceecing 
on the other Side of that tar, is ready to paſs behind it. 
In the ſecond Place, I beg of the Company to extend 
their Sight along the Parapet which crowns the Tower, and 
there to remark from Right to Left a Series of Points; for 
Inftance, the Stones which I have chalk'd and mark'd A, 
B, C, D, E, F, and as many more as the Company ſtall 
think fit. When Yeronc/e makes half of his Courſe from 
Right to Left on the other Side the Sun, and 1 make the 
quarter Part of mine on this; I ſee his Flambeau ſuccelive- 
ly paſs from the Right to the Left under the Stones A, , 


C, D, E, F. But when afterwards, continuing his Circus, 
f f te 
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he comes down, and places himſelf between the Sun and 


me, I ſee him paſs from the Leftto the Right, over-againſt 
the Points F, E, D, C, B, A. And though he proceeds in 
an uniform Courſe, I ſee him running over the ſame Points 
of the Parapet, in a Way quite contrary to the foregoing. 

If then I ſee in the Heaven the Planet Venus, or any 
other, paſs under the Stars A, B, C, D, and afterwards 
ſee it turn back and paſs again by D, C, B, A; it is not 
becauſe it keeps not a regular Courſe, as that of YVerone/s 
was, but that Variety of 1 proceeds from its 
turning round the Sun, and from the Earth's doing the 
ſame, but Venus faſter and the Earth flower ; whence fol- 
lows that Diverſity of Aſpects, and an Appearance of Ir- 
regularity, | 

Now let us make uſe of a Figure where I have delinea- 
ted all thoſe Things at large and in a regular manner, in 
order to put ſomething oi Exactneſs in the Order of the ce- 
leſtial Appearances, which I have as yet only ſketch'd out. 
The underſtanding of this Figure, though it be geometrical, 
yet ſuppoſes no Knowledge of Geometry. Thoſe, who 
govern Nations, have little time to draw Lines, or to work 
with Compaſſes, It is our Buſineſs to render Truth palpa- 
ble to them, without perplexing them with enigmatic De. 
monſtrations. I ſhall be contented with only diſtributing 
to the Company ſuch Figures as will plainly expreſs the 
Progreſſions, Stations, and Retrogradations of the Flanets.“ 
They may afterwards examine them at Leiſure with the 
F.xplanation annex'd, and there remark on one hand the 
amazing Fruitfulneſs of the Copernican Syſtem, which ac- 
counts for every thing with one and the ſame Principle, and 
on the other, its perfect Agreement with the Phænomena 
nich Copernicus, for want of the Aſſiſtance of the Tele- 
cope, never knew. | | 

In Cepernicas's Time, his Adverſaries thought they had 
entirely confuted him, by telling him, that if the Heaven 
was order'd as he pretended, Venus and Mercury mult vary 
their Fhaſes as the Moon did; that Mars in Oppoſition, 
tat is, drawing near the Earth placed between him and 
he Sun, ſhould appear much bigger, and that that Planet 
would, on the contrary, ſenſibly diminiſh, when it ſhould 


* See the Explanaticn at the End of this Volume, 
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|| get behind the Sun, and recede from us by the whole Da. 
Mn meter of the terreſtrial Orbit, Copernicus agreed with them, 
E that theſe Conſequences were juſtly drawn; and he attri. 
H buted the C auſe of the Inequality of the Appearances to the 
Structure of our Eyes, and to thoſe radiating Crowns, which 
hinder us from judging either of the Bigneſs, or of the 
exact Form of Stars. 

How great would have been the Tranſports of that 
1 great Man, had he been able, like ourſelves, to perceive 
i the Full and the Creſcent of Venus, of which he found the 

| Neceſſity, without being able to convince others of the 
ſame: He would — and for ever have ruin d the 
Syſtem of the Schools, which makes Mars to turn round 
the Earth at an uniſorm Diſtance; had he but ſeen that 
Planet 1uch as our Teleſcopes ſhew it us, vi. ſometimes 
receding from the Earth by a prodigious Diſtance, and di- 
1 miniſhing boch in Shape and Splendor, as it draws near it 
1 Conj unc ion on the other Side the Sun; then gradually ap- 
1 pearing fifty or ſixty times bigger, as it arrives towards its 
Oppoſition, and again draws very near the Earth placed 
between it and the Sun. 

He would have been ſtill more pleaſed, to have diſco- 
ver'd the four ſmall Moons which turn round Jupiter; ſince 
they ſhew, that our Earth in all reſpe&s reſembles any 
other Planet; and that as Jupiter has four Planets of the 
ſecondary Order, inſeparably bound to its Service, that h, 
four ſmall Moons deſign'd to light it during the Night of 
its obſcure Half, ſo has the Earth a ſubordinate | lanet, 
which perſorms the ſame Functions for her ſake. Nay, 
who knows but Men, with Inſtruments better {ill than 
mine, will, one Day or other, diſcover, that Saturn, in i 
extreme Remoteneſs trom the Sun, was ſtil] better prov. 
ded with the Help of nightly Flambeaux ? I have alret- 
dy begun to obſerve there a ſort of double Handle, which 
reflects a very great Light upon it“. In ſhort, Whatever 
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* Theſe Handles, which GAL ILA O had ſeen near SATURN, Were the 
Extremeties of the luminous Ring wherewith we ſee that Pl-nct whol:y 
incomyaſ.d, when it is turn'd another Way. f 

Mr. Càssixi has exactly obſerved that Ring, and diſcover'd font 
ſmall Moons by it. 

Mr. Hu xe Exs ſaw the fifth. 


” _— 
5 * CT „ — R””k„ . ⁵ĩ „% EY 
* * — — _—_ 


L daily 


— — a 


3 ot —— — 


- 7 . — IVTARSST YT * . * — — - ——— — . 3 ** 23 — . 8 a 5 
— — — — — — —. — — — —— — —— F ˙ 27 7 IEEE: AG ESC AN « 
- . » b SY 2x — Sw * 


2 ——=—ꝛůä—— —ͤ— * — — ——_ 
3 N 


nce 
any 
the 
15, 
t of 
get, 
ay, 
1an 
Its 
VI- 
el- 
ich 
ver 
the 
Our 
uy 


(c0- 


* 
hk 
\ 


= Lhe Winter bine 


C. 


- 
D 2, ow 4 


Aprece of Fart board „ 
gaudi tyvo Sipports C, to mite rar 
at pleavure won the Horug ontal (rote, 


 Ihotar Horizon, A ον,˖ꝗ varies 
theTerrerocal Gb wr akplaced. 


and ev lo Set n te: | 


e Inequality of ul 


LS 
e 


Q 


» *v.» 2 


Alan 


* 
TIT 

MITT 
"1, "nl 


* \ 
SY - — 
—— — 7 


hs A 2 ig. N Page 299 "Iv 


NC ꝗ——U —— — — — 


* ; 
* 


& Searonsr and Days. Y 


* 


* TAE en | 


eee 


2 =A 5 4 The Line of He Solar Hors 
— 42. 07 43 degrees from the 


” 
«* 

o — 
97 

5 22272220 

22364460 
222 

FL 772 


—_ NE" ME: — 


+ W 


SJ. Mynde drt 


Of che TELE SC OP E. 289 


laily perceive in the Heavens, becomes a new Proof of the 
dlidity and Exactneſs of that Syſtem, which places the 
in in the Centre of the Planetary World, and makes the 
rreftrial Globe turn round him like the other five Planets. 
After this Illuſtration both on the Order and Courſe of 
anets, the reſt of the Hypotheſis, which accounts for 
e diurnal Motion of the whole Heaven, and for the [n- 
quality of Days and Seaſons, becomes an Amuſement ra- 
er than a Study. 

[ have cauſed here an oval Table (A) to be placed, whoſe 
ane may be looked upon as making a Part of the Plane 
the Ecliptic. We may lengthen this Plane out in Ima- 
ination, and make it reach to the Middle of the twelve 
Wleſtial Signs, 
The oval Circumference of the Table repreſents well e- 
ough the Orbit or Path, which the Body of the Earth 
pllows and deſcribes in a Year round the Sun. 

The whole Circumference is divided into twelve Portions, 
ubdivided each into thirty Degrees, to make them cor- 
eſpond with the twelve celeſtial Signs, which I ſuppoſe to 
de over againſt them among the fix'd Stars. I have only 
Irawn the compendious Figures of the twelve Signs on 
he Edges of the Table. 

At a ſmall Diſtance from the exact Middle of that Ta- 
ble, or terreſtrial Orbit, and not juſt in the Centre, I put 
alf an Orange, to repreſent the Sun (S), the other Half of 
yhich may be ſuppoſed hidden under the Table. 

I cauſed two iron Pins to go through the Orange and the 
able; the one (B) perpendicular to the Plane of the Ecli- 
ptick, and which I call the Axis of the Ecliptic; the other 
(C) inclined to the foregoing, and making therewith an An- 
gle of 23 Degrees and a half, or, which is the ſame thing, 
an Angle of 66 Degrees and a half with the Plans. This 
l call the Axis of the World: Not that the Planetary 
World revolves on that Axis, but only to give us here the 
Idea and the invariable Rule of the Direction we are go- 
ing to aſſign to the Axis of the Earth, round which we are 
apt to believe that the World turns. 

Let us now bring near the Edge of our Table the exact 
Middle of this little terreſtrial Globe T, and moving it cloſe 
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to the Edge along the twelve Signs that divide the Oval 3 
let us cauſe it to make a whole Turn round it. This very and 
ſenſibly repreſents the Earth advancing in its annual Orbit ptic 
round the Sun. roh 
It is plain at firſt Sight, that if the Earth T be under Div 
the Sign of Libra, it will ſee the Sun under that of A. two 
When it paſſes under the Scorpion, the Sun will appear un- Orb 
der Taurus, and ſo on. Ho! 
2. The Earth, by advancing from We! 4 

The apparent to Eaſt, will by little and little ſee all tie mac 
Motions of the Stars move from Eaſt to Weſt, and in 2 dun 
Dn Year's time will complete this Revolution Wi bei. 
round the Axis of the Ecliptic, becauſe it ſha] 

is alſo the Axis of the terreſtrial Orbit. It is a common agr. 


Obſervation, that towards the Eaſt, at the Beginning of 
Night in Autumn, the Hades form a large V in the Sign 
Taurus, and pretty near the ſame Place the Platoon or Clu: 
ſter of the Pleiades. Some Months after, they appear 0 
be pretty high at the Beginning of the Night, and from 
one Night to another they inſenſibly draw more and more 
to the Weſt. They then appear to move in the Compass 
of a Year from Eaſt to Welt, becauſe the Earth recedes 
from every one of them in the contrary Direction. 

It is not thus with the Sun, I paſs under, and not round 
the Stars, whereas I abſolutely turn round the Sun. Here- 
ſembles a Flambeau in the Middle of a large Hall. As! 
walk round the Flambeau, my Eyes ſee it on ſome of the 
Points of the Wall which bounds my Sight. If there are 
twelve Chairs round the Hall ranged in the following Or- 
der, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, II, 12, when I ſhall pak 
by the Chairs 1, 2, 3, 4, 5, 6, I ſhall ſee the Flambeau 
before 7, 8, 9, 10, 11, 12; and when 1 paſs before 7, 8, 
9, 10, 11, 12, I ſhall perceive the Flambeau ſucceflively 
againſt 1, 2, 3, 4, 5, 6 It then makes, or appears to make 
Oppoſite to me, the ſame Motions as I do. In like manner, 
when we paſs together with the Earth under the thirty 
Degrees of Libra in the following Order, A, B, C, D, &* 
from Weſt to Eaſt, we needs muſt ſee the Sun under the 
Degrees of Aries in the ſame Order, A, B, C, D &c. from 
Welt to Eaſt. He muſt then appear to make his annual 
Courſe from Weſt to Eaſt, and daily advance forward 
therein, according to the Succeſſion of the Signs. * 
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3. But while the Stars ſeem annually to move Weſtward, 
and the Sun annually Eaſtward round the Axis of the Ecli- 
ptic, the Whole ſeems every four and twenty Hours to re- 
volve from Eaſt to Weſt round the Axis of the Earth: a 
Diverſity which can proceed from no other Cauſe, but the 
twofold Motion of the Earth revolving in one Year on its 


Orbit round the Axis of the Ecliptic, and in twenty-four . 


Hours on itſelf, that is, round its own Axis, 

4. If the Portion of the fix Southern Conſtellations is 
made a ſmall matter larger than the other Half, and the 
Sun be not exactly in the Middle of the Orbit, the Earth 


being ſeven or eight Days longer in the Southern Signs, 


ſhall ſee the Sun eight Days longer in the Northern, as is 
agreeable to Experience. 

5. When the Earth, yearly advancing in her Orbit, keeps 
the Axis on which 1t revolves every four and twenty Hours 
perfectly right and parallel to the Axis of the Ecliptic, with- 
out inclining to either Side, then will the Sun and Stars al- 
ways keep an uniform Aſpe& with Regard to all Nations. 
Days will be neither ſhorter nor longer in one Seaſon than 
in another ; and Seaſons will always be the ſame, or rather, 
there will be but one Seaſon. The only Variation of the 
Heaven will conſiſt in the annual Progreſs of the Stars, to- 
wards the Weſt, and of the Sun towards the Eaſt : but the 
Points of the Riſing and Setting will not change. It is ſelf- 
evident, that this is not the Economy of the World. 

In order to underſtand, and to fix at once ; 
the Inequality of Days and Seaſons, we Lo EY 
need only to incline the Axis of the Earth 2 . 

Days. 
twenty-three Degrees and a Half to the 
Axis of the Ecliptic; always keeping that Axis parallel to 
that of the World (C), and to obſerve well the Points of 
the Globe, where the Half, which is inlighten'd by the Sun, 


terminates. The inclining of the terreſtrial Axis, the con- 


tant Paralleliſm of that Axis, and the greater or leſs Re- 


moteneſs of the ſolar Horizon, with regard to that Axis, 
are the Source of the Inequality of Days and Seaſons. 

Let us, by the Aſſiſtance of a Figure, render this ſolar 
Horizon, and all its Viciſſitudes or Changes of Place, more 
ealy to be conceived. This Paſte-board H, S, which I 
have made into half a Circle, being perpendicularly placed 
on the Middle of the terreſtrial Globe, may be a very juſt 
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Repreſentation to you of the Edges of the enlighten'd Ha 
which 1s towards the Sun, and of the obſcure Half which j 
on the other Side. I ſhall call this Pafte-board the {x 
Horizon. I have faſten'd the two Legs of the Semi-circ 
H, 8, with two little Supporters in the Form of Shoulder. 
pieces; that we may be able to fix it, ſo as to make it ſtani 
at Pleaſure, on what Place ſoever of the terreſtrial Horizon 
we ſhall think fit. Inſtead of a whole Circle, which we 
ſhould have to repreſent the Half of the Earth inlighten'{ 
by the Sun, I have placed only a Semi-circle, that I my 
make it ſlide more eaſily, and put it wherever I pleaſe. Imi 
gination may prongs under the Globe, and ſupply there, 

Let us place the Earth T under Aries, with the Axis N, 
M, parallel not to the Axis of the Ecliptic B, but to that of 
the World C; and the ſolar Horizon facing the Sun. ln 
this Situation, the Axis of the Earth N, M, lies in the Plane 
of the ſolar Horizon, that is, that the Arctic Pole N my 
be exactly at the Border of the ſolar Horizon on one Side, 
and the Antarctic Pole M, at the South Part and Border of 
the ſame Circle, which marks the Limits of the Night and 
the Day. The Sun cannot inlighten any Thing more by 
his immediate Light, All the Points of the Earth, by re. 
volving round that Axis in four and twenty Hours, viſibly 
make half of their Revolutions in the inlighten'd Part, and 
the other Half in the obſcure Part. There is then that 
Day, wiz. the 23d of September, an univerſal Equinoz; 
whence the Sign, under which the Sun then ſeems to be, 
has borrow'd his Name of Libra, or the Scales. By chany- 
ing the Earth's Place, and bringing it to the firſt Degree of 
Taurus, you ſee that the inlighten'd Half is no longer the 
fame, The Borders of it neceſſarily have ſlid, as it were, 
to other Points. We are obliged to place the ſolar Hon: 
ſon in ſuch a manner, that it may exactly face the Sun. it 
you turn both the Axis of the Earth and the ſolar Hon. 
zon in ſuch a Manner, that the one does not leave the other, 
it makes a Situation intirely like the foregoing, and you 
will again have an Equality of Days and Nights ; fince al 
the Points of the Globe will, in their daily Revolution, be 
as much above as below the ſolar Horizon. But if the A 
of the Earth, N, M, ſhall remain parallel to that of the 
World C, while the ſolar Horizon changes its Place; then 


every thing changes with it, The ſolar Horizon wy 
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Axis at the Centre; ſo that one Half of the Axis M is on 
This Side the ſolar Horizon towards the Sun, and the 
other Half on the oppoſite Side. One of the two Poles 
Sis then more and more drawn into the inlighten'd Half, 
and the other ſinks more and more into the obſcure 
Part, We now begin to ſee, that the Points or Na- 
tions which turn together with the Earth towards the 
Pole that looks towards the Sun, may be longer in the 
inlighten'd Half than in the other. But this will be- 
come more evident by placing the Earth under the Sign 
Cancer. She then ſees the Sun under Capricorn; and 
keeping her Axis parallel to her foregoing Situation, or 
to the Axis of the World C, ſhe moves her Arctic 
pole N from the Sun, and inclines her Antarctic Pole 
M twenty three Degrees and a Half towards the Star. 
Had ſhe her Axis parallel to that of the Ecliptic, ſhe 
would ſee the Sun paſs through all the Points of the 
Equator: But having then her Axis on the Side M, 
inclined twenty three Degrees and a Half towards the 
Sun, ſhe ſees him twenty-three Degrees and a Half 
above her Æquator; and as ſhe on that Day, vix. the 
22d of December, preſents to him, in her Revolution 
from Weſt to Eaſt, Points always diſtant twenty three 
Degrees and a Half from the AEquator; the Sun will 
from Eaſt to Weſt appear to delineate the Tropic of 
Capricorn. If thence the terreſtrial Globe T ſucceflive- 
ly advances under Libra; the Circle of the ſolar Hori- 
zon in order to face the Sun, changes its Place a lit- 
tle, forms a ſmaller Angle with the Poles, and at laſt 
approaches them anew, or joins them again, when the 
Earth, being under Libra, ſees the Sun in Aries. That 
Day, which is the 21ſt of March, the two Poles again 
cut the two Sides of the Horizon : Neither of the Poles 
is inclined towards the Sun, which by neceſſary Conſe- 
quence muſt fall upon one Point of the Zquator: And 
as the Earth, in its Revolution, brings on all the Points 
which are at an equal Diſtance from the Poles, the Sun, 
on that Day, ſeems to deſcribe the Æquator. Beſides, 
all the Points of the Globe, by ſucceſſively going up 
and down, are as long above as they are below the ſolar 
Horizon. They then have all twelve Hours Day, and as 
much Night, on the 21ſt of March. 
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The very next Day the ſolar Horizon changes ity 
Place; but the Axis is not alter'd in the leaſt. The &<. 
lar Horizon does then begin to recede from it, and t 
leave the Arctic Pole N, which remains elevated in the 
inlighten'd Half; whereas the other Pole M begins to be 
imme rſed in the obſcure Half. The ſolar Horizon every 
Day recedes from the Arctic Pole, till the Earth being 
placed under Capricorn, the Limits of the ſolar Horizon 
are diſtant 23 Degrees and a Half from the Arctic 
Pole N. 

In this Situation, wherein all is very obvious, let us 
chuſe three or four Points, or three or four Countries dif. 
terently ſituated, in order to know what will happen on 
this Occaſion to them. Let us, for Inſtance, take those 
under the Poles, thoſe who live under the Polar Circle, 
thoſe under the Tropic; and laſtly, thoſe who dwell under 
the Æquator. 

1, Thoſe who are under the Pole N, or that have 
the celeſtial Pole for their Zenith, have the Equator 
for their particular Horizon. Now the Equator here, 
is twenty-three Degrees and a Half below the Sun: 
they then ſee him revolve round them at the Height 
of twenty-three Degrees and a Half above their Hori- 
zon. There have been already three Months fince theſe 
People came to the Verge of the inlighten'd Half, and 
they will be three other Months more before they reach 
the other Limit of that Half: they have then a Day of 
ſix Months long. They will be afterwards fix Months, 
or nearly fo, under the ſolar Horizon; and conſequent'y 
all that Time without ſeeing the Sun The People next 
the Pole, making their daily Revolution between the 
Axis and the ſolar Horizon, will be ſeveral Months to. 
gether without touching the ſolar orizon; and conle— 
quently have a Day ſeveral Months long. For this Rea. 
Ale Monthly ſon they diſtinguiſh the Climates towarcs 
1 the Poles by Months, that is, in Degrees, 
or by Nations, the Days of which ma), 
among themſelves, differ by the Space of one or more 
Months. neg 
2. What will happen to thoſe who are under the Po- 
lar Circle? Since they are twenty-three Degrees ani 4 


Half diſtant from the Pole, and the Pole is as _ = 
tan 
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fant from the ſolar Horizon; all thoſe who are under 
the Circle, or at that Diſtance from the Pole, ſhall on 
the twenty-ſecond of Juue make their diurnal Revoluti- 
on round the Axis, without paſſing under the ſolar Ho- 
rizon. They will indeed come cloſe, or graze upon, 
but not touch it : they then will have one Day four and 
twenty Hours long; and thoſe, who are ſomewhat leſs re- 
mote from the Pole, may be ſeveral Days together with- 
out deſcending under the ſolar Horizon, Theſe may then 
among themſelves be diſtinguiſh'd by daily Climates, that 
is, Climates where the Increaſe of the Light 

ſhall come to one, two, or three, or even Daily Climates, 
more Days long. 

3. But all ſuch as are four and twenty Degrees, and 
more, remote from the Pole, even as far as the /Equa- 
tor, make with the Earth a Revolution, the greateſt Part 
of which is in the inlighten'd Half, and the ſmalleſt Part 
below. All theſe People have then unequal Days and 
Nights. None of them can have a Day twenty-four Hours 
long; becauſe they all of them, ſome more, ſome leſs, cut 
upon the under Part of the ſolar Horizon. For this Rea- 
fon, from the Equator to the Polar Circle, they reckon 
the Increaſings of the Light from Country to Country by 
hourly Climates; and they aſſign a new 
Climate, wherever the Day is on the twen- 
ty-ſecond of June, half an Hour longer than in the pre- 
ceeding Climate, beginning from the Æquator, where the 
Day is at all times twelve Hours long. 

4. Nothing can be eaſier than the Determination of 
the Increaſings of the Day, and of the Diminution of 
Nights from the Zquator to the Pole. Except the two 
Days on which the folar Horizon depends on the” Situa- 
tion of the Earthly Axis, and when the ZEquinox is uni- 
verlal, the ſaid Horizon every Day of the Year cuts 
the terreſtrial Axis through the Centre, which is the 
lame with the Centre of the Equator, Each Point and 
Nation under the ZEquator is then cver twelve Hours 
above, and twelve Hours under, the inlighten'd Half; 
the ſolar Horizon making with the Axis an Angle which 
always increaſes from the Æquinox to the Solſtice, where 
it is twenty-three Degrees and a Half, The Day muſt 
needs always increaſe to that Solſtice, in the Half which 

O 4 looks 
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looks towards the Sun, and that Increaſe muſt be every 
Day greater and greater from the Equator to the Pole. 
Let us chuſe out a Point or Place ſituated twenty-three 
Degrees and a Half above the Æquator, that is, under the 
Tropic of Cancer; for Inſtance, Syenna a City on the 
Confines of Ægytt and Aby/inia, being brought to the Bor. 
der of the ſolar Horizon, it will deſcribe from Weſt to 
Eaft a Circle parallel to the Aquator, and on the 22d 
Day of June will ſee the Sun pais juſt over it in a con- 
trary Direction. Suppoſe we have a mind to know, how 
long the Day will be at Syena. A plain Circle T may 
here ſerve inſtead of a Globe, We may divide each of 
the Parallels that croſs it into twelve equal Portions, to 
repreſent twelve Hours, or one Half of the daily Revolu- 
tion. We then have, from the Point marked out 14, 
where Syenna is ſituated, to the Axis C, fix Portions or 
Hours. Let us reckon ſix other Hours from the Axis to 
the other Border: But we muſt ſubtract from theſe laſt 
fix Hours, which is under the ſolar Horizon, ſince it is 
the Night which is about five Hours : There remains an 
Over-plus which you ſee in the Angle between the Axis 
C, and the ſolar Horizon H S, which is an Hour's Day 
more to be added to the other fix. But we ſee in that 
Circle but one Half of the Revolution: We muſt therefore 
double the Sums, and we ſhall have for Syenna fourteen 
Hours of Day, and ten Hours of Night: And what I have 
ſaid of the Northern Hemiſpher, The Company may ap- 
ly to the Progreſs of the Night and Day in the Southern 
emiſphere. Thus all the different Motions of the Stars and 
the Sun, the Inequality of Seaſons and Days, in a Word 
all the Variations of the Heaven are a plain Conſequence 
of the annual Paſſage of the Earth round the Sun, and of 
her Revolution in four and twenty Hours round her own 
Axis, invariably directed pointing towards the North. 
There remains but one Phenomenon, 
which I have not yet accounted for. The 
celeſtial Signs, in a certain number of 
Years, ſeem by little and little to quit the Points under 
which they were ſeen before, and with regard to the 
Points of the Equinoxes, to recede ſeveral Degrees to- 
wards the Eaſt. In order to account for this Preceſſion, 1 


will be ſuflicient to conceive, that in a very long _ of 
ges, 


The Preceſſion 
of the Equinoxes. 
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Ages, the Axis of the Earth inſenſibly changes its Place, 
and deſcribes a very ſmall Circle from Eaſt to Weſt. So 
all the Motions of the Heavens, which are ſo contrary, and 
would be ſo difficult to be made to agree, were they real, 
want no manner of Reconciliation, becauſe they are only 


apparent, and the Appearances have no other Origin than 
the Diverſity of the Motions of our Earth. Let a Water- 


man, in order to amuſe his People, make his Gondola whirl 
about as he paſſes before the Tower of St. Mark; his Paſ- 
ſengers will ſee the Tower advance, then paſs before them, 
then go back ; and they at the ſame time will every Mo- 
ment ſee it turn round them. Muſt they therefore buſy 
themſelves about reconciling the ſeveral Motions of the 
Tower? Sure it did not ſtir from its Place, and all theſe 
Appearances have their Origin, both in the ſucceſſive Pro- 
greſſion, and in the turning of the Gondola. 


But the Planet Jupiter, which now ſhews itſelf clearly, 
invites us to reſume our Teleſcopes, and look out for the 
four little Moons which attend it. 

Such is the Ground and Subſtance of Capernicuss Doc- 
trine, which Galiles laid before the Venetian Senators, and. 
of the Exactneſs of which he made them ſenſible, by ſhew- 
ing them in Nature, with his new Inſtruments, the Demon- 
trations of the ſame. But let us imitate his Modeſty : What 
he gave only as a ſatisfactory Hypotheſis, let us propoſe as 
a bare Syſtem, and confeſs, that it was attack'd with Ob- 
jections, which at firſt ſeem very much to leflen its Value, 
and its perfect Conformity to Obſervations. 

The moſt puzzling Objedtion to; Coper- Objections. 
nicus was drawn from the Diverſity of the 
Sizes and Phaſes under which the Planets would be ſeen, 
by receding from our approaching near the Earth. Coper- 
11-45 confeis'd, that the Thing ſhould indeed be as they 
iid, and he propheſied, that one Day or other theſe Va- 
rieties would be diſcover'd. Galiles has accompliſh'd 
this Prophecy: Therefore the Obje&ion becomes a Proof, 
and the Efforts, which were made to overthrow this Hy- 
potheſis, had no other Effect than, to make it ſtill more 
acceptable, 


The ſecond Objection which was propoſed to Copernicus. 


and afterwards to Galileo, is, that if the Earth deſcribes: 
& £ an. 
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an Orbit ſeveral Millions of Leagues broad, the terreſtrial 
Axis, always parallel to itſelf, muſt correſpond with {uch 
or ſuch a Star, when the Earth is in Libra, and ſix Months 
after, when in Aries, muſt correſpond with another Star, 
diſtant from the preceeding by as many Millions of Leagues, 
as are contain'd in the Diameter of the Orbit. Neverthe- 
leſs, we fee the terreſtrial Axis at one Time as well as a- 
nother, conſtantly turn'd towards one Point of the Heaven, 
dig, two Degrees and a few Minutes diſtant from the 
Polar Star. 

This Objection never puzzled Copernicus; becauſe it was 
eaſy to ſee that the Diſtance of the Stars from the Earth 
is ſo immenſe, that twenty or thirty Millions of Leagues 
appear not ſenſible therein, and the two Points of the Hea- 
ven towards which the terreſtrial Axis is turn'd at either 
Equinox, though they be really as diſtant from each other 
as the two Extremities of the terreſtrial Orbit, yet appear 
to us no more than a fingle Point, Thus two Objects ſe- 
Farated from each other by a Space of thirty, forty, or 
ſifty Foot, ſeem to us but one and the ſame Thing, at the 
Dittance of one or two Leagues. | 

Galileo, whom this Objection did not puzzle a whit 
more than his Maſter, with regard to this, preſumed to 
propheſy, and he did it with the ſame Succeſs with which 
Copernicus had foretold the future clearing of the firſt Dit. 
ficulty : © ® I don't deſpair (ſaid the Florentine Aſtronomer) 
* but one Day or other, ſome particular Tokens will be 
« cbſerved in the fix'd Stars, by means of which they 
« may be able to know, what the annual Revolution con- 
« ffs in: ſo that the Stars, as well as the Planets, and the 
« Sun itſelf perhaps, will be ſammon'd to appear in Judg- 
« ment, to in witneſs concerning the Nature of that 
* Motion in favour of the Earth.“ 

Meſſic urs Caffini, Hooke, and Flamſtead, the greateſt 
Names that we can quote for aſtronomical Obſervations, 
have for ſeveral Years together carefully obſerved, ſome- 
times one of the Stars which paſs through the Zenith, 


2 Rem quampiam olim in ſtellis fixis obſervabilem eſſe futuram, pet 
quam cognoſci queat in quo conſiſtat annua converſio: ita ut fixæ non 
minus planetis ipſoque ſole comparaturæ ſint judicio, ad reddendum teſti- 
monium hujus motus in gratiam terre, Dialog. de Syſtemate mundi, 1635. 
Pag. 375. : 
"— ſometimes 
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ſometimes the Polar Star. They found, that both the 
Vertical and the Polar Star, in their greateſt Elevation, 
anpeared indeed under the ſame Degree dt their Circle, 
25 well when the Earth was under Cancer, as when it was 
under Capricorn ; but that they both varied their Situations 
by ſeveral Seconds, The Stars have among themſelves 
an invariable Situation. If then, in their paſſing again 
under the Meridian, they make with my Zenith, or with 
the Axis of the Earth, an Angle different from that I had 
in the foregoing Obſervation, it is becauſe I have changed 
my Place, rogether with the Earth, which has paſs'd from 
one Side of its Orbit to the other. As if from the Ter- 
race of the Obſervatory I perceive the Steeple of Sz. De- 
1s, through the two Slits of the Sights of an Inſtrument, 
and one ſhould place the Inſtrument a few Steps farther 
in a like Situation, or rather parallel to the foregoing. 
The Steeple ſhall no longer be ſeen through the Sights, 
ard I ſhall be obliged to give them a gentle "Thruſt, to 
bring them again exactly over-againſt the Object. The 
Stceple did not change its Place; and its Removal to ano- 


ther Proſpe& or another Point of the Circle is a Proof of 


the Obſerver's having changed his Place. Ore might be 
thence apt to. conclude, that the Motion of the Earth: 
makes a Part of Experimental Knowledge, and that it is 
Matter of Fact. 

The great Objection, which may be made againſt the 
Copernican Hypotheſis, is, (they will ſay) that it authorizes 
the Irreligion of a great many Philoſophers. Man, accor- 
ding to theſe, is very ridiculous to think that it 1s for his. 
Sake that the Stars ſparkle, the Sun riſes, and Nature diſ- 
plays all its Magnificence. If the Planet Jupiter has four 
Moons, it is in order to convey Light upon it during the 
Night: but why ſhould Light be convey'd where there 
were no Inhabitants ? The Planets are then ſo many Earths, 
and if the Stars ſhine of themſelves like the Sun, it is evi- 
cently becauſe they light ſome other Planets. We are then 
much in the wrong, to attribute to ourſelves the Uſe and 
Service of the Fires that ſparkle in the Heavens: the Hy- 
potheſis of Copernicus proves, that they don't ſhine for us, 
but that we make uſe of them. 

Whether we make uſe of them only, or whether they 
ve made for: us, is ſtill. one and the ſame Thing. Do 
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you think we can with any Reaſon find the leaſt Difter. 
ence in that? Gop alone knows, for what particular Pur. 
Poles he deſign'd each of theſe fiery Globes, which he in 
ſuch Number, and with ſuch Magnificence, has ſcatter d 
around us. If we ſhould ſuppoſe him to have there dif. 
tributed ſeveral Intelligences, in order to be praiſed by 
them; I ſee nothing in this Suppoſition any way preju- 
dicial to the Glory of Gov, or our own Gratitude : and 
though he ſhould make them the Abodes of ſo many dif. 
ferent Claſſes of Creatures, yet are we not under leſs Ob!j. 
gation to acknowledge the Advantage of our Condition, 
and to thank Gop for having granted us the Sight and 
Uſe of theſe Globes. The Inhabitants of Paris are not 
extravagant, when they think themſelves happy, that our 
Kings have flung open to them the Gardens of the Tull. 
ries and Luxembourg, though thoſe who dwell in theſe Pla. 
ces, and even Foreigners, have the Privilege of walking 
there as well as the Parifans themſelves. Gop's Favours 
are not the leſs deſign'd for us, becauſe others may allo 
ſhare them with us in common. 

But there is ſtill ſomething more: Good Senſe and 
Truth are only to be found in the Language of the com. 
mon People, who, ſeeing no other Being but Man, that 
can enjoy the Economy of this World, glorify Gop for 
having created it in tavour of Man; whereas Falſhood 
and Error are viſible in the Argument of the pretended 
Phi.:ſapher, who thinks, that the Multiplicity of Worlds 
ould be a juſt Reaſon to criticiſe on the Language of 
the People. If there are Inhabitants in Jupiter, they 
have four Moons during the Night, whereas a ſingle one 
is ſufficient for us. Their Night is then quite different 
from ours. By their Remoteneſs, they muſt needs have 
their San ſmaller than ours ; or if they have an Atmo- 
{phere otherwiſe form'd than ours, they ſee it either larger, 
or otherwiſe colour'd than we do. They then have ano- 
ther Sun. Aſtronomers have obſerved from the Direction 
of the Spots which revolve over the Diſk of Jupiter, that 
the Axis of that Planet is perpendicular to the Ecliptic, 
and. that the Globe makes its Revolution in ten Hours 
time. They conſequently have an uniform Seaſon, Days 
perpetually equal, a Night of five Hours, and a Day 3s 


long ; while our Days are of four and twenty Hours, _ 
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our Seaſons vary by a perpetual Alternative. Their Year 
is not ours. Twelve of our Years make their twelve 
Months. Every thing then changes from one Sphere to 
another. Let each of them, if you will, be reputed as a 
World by itſelf and apart: Every one of theſe Worlds has 
its peculiar Structure and proper Advantages. The Inha- 
bitants of one World do not thank Gop for the Order en- 
joy'd in another. They have not the leaſt Idea of it: 
They thank him for what they have received. We 
likewiſe praiſe him for our Sun, our Moon, our Heaven, 
our Year, our Atmoſphere, and the ſpecial Providence by 
which he has ſecured to us the Enjoyment of that magni- 
ficent Proſpect. We are the Centre of them; ſince we 
are the only People in the Univerſe for whom all theſe 
Cautions were taken : And as the CEconomy of our World 
is not only for us, but alſo for us alone; there is neither 
a Preſumption nor a Miſtake in the Perſuaſion Man has, 
that God had him in view, and vouchſafed to buſy him- 
ſelf about him : whereas the Error is palpable in the No- 
tions of the falſe Philoſopher, who, from the bare Suſpi- 
cion of the Plurality of Worlds, immediately concludes, 
that he 1s no longer the Centre of the fine Order of this, 
and who by multiplying them, fancies he will be able to 
loſe himſelf in the Croud, in order to avoid Gop's Good- 
nels, and thus be exempted from the burthenſome Duty 
of Gratitude. 

If it be the whole Heaven that with an inconceivable 
Swiftneſs turns round the Earth unmoved ; this muſt be 
the Work of an infinite Power, always mindful of our 
Wants. If it is the Earth that turns, to procure all its In- 
habitants the Services of the Light, and the Sight of the 
Stars; if each Planet on its Part revolves round its 
appointed Orbit; I here find again the fame Power and 
the ſame Goodneſs, though with an Economy quite dif- 
ferent. We may praiſe Gow for thoſe wonderful Revo- 
lutions which ſerve us ſo regularly, without making any 
farther Inquiry into the manner in which the Whole is 
perform'd, But if ſome Genius's, more elevated ar.d 
more at Leiſure, can add to the Knowledge of the Bounty 
that of the Performance ; when Gop allows them a 
Glimpſe of it, and begins to let them into the Secret — 
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his Works; it is a Confidence wherewith he honours them; 
it is a new Motive of Praiſe; and a Virtuoſo, whom ls 
own Way of conſidering Things makes ungrateful, is the 
moſt horrid of Monſters. | 

What a raviſhing Magnificence, and at the ſame Time 
what an amazing Simplicity in the Work of the Creator, 
thus to have placed his Sun in the Centre of the Planc. 
tary World, and to make a Multitude of maſſy Globes float 
round it, which following without Let or Incumbrance 
the ſeveral Courſes preſcribed them, perpetually receive 
from that glorious Star, their Light, their Colour, and 
their Life ! Each Planet enjoys the Favours of the Sun, as 
though that Star were made for it alone, or there were in 
our Sphere as many Suns, and even Worlds, as there are 
Flanets therein. A Parſimony ſubſiſting with Effects ſo 
fruitful, is in this Hypotheſis an additional Character of 
Truth. | 

Equally and perfectly agreeable to Experience and Rea- 
ſon, it has, beſides, the ſingular Advantage of accounting 
for and explaining all the Alterations, which Religion 
teaches us, have happen'd, or one Day or other will hap- 
pen in Nature. 

When Gop keeps the Axis of the Earth directly placed 
on the Plane of its annual Courſe, the Inhabitants of the 
Earth have but one Seaſon conſtantly the ſame, and enjoy 
both a long Life and a perfe& Equality of the Air *. But 
he no ſooner inclines that Axis, but the Waters immediately 
overflow the Earth: ſeaſons. ſucceed each other on the 
Globe: the Unevenneſs of the Air ſhortens the Life of Men. 
It is ſcarcely the ſame Earth it was. 

There is a Time, known to Gop alone, when he hall 
once again move this Globe. The Axis of it will no fooner 
be put in Motion, but Men will ſee the Heaven run like 
a Roller, the Stars fall, and Nature ſeem in the greuteſt 
| Confuſion. That Fall of the Stars, and that Flight of the 
Heavens, are a Language worthy him who made Man, 
and who alone knows the Reaions of the Appearances 
which he makes Man feel. Nothing more grand and ma- 
jeſtic, nothing more exact than this Language! Men at 


a See the Letter at the End of the third Volume. 
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the firſt Shock of the Earth will neceſſarily ſee the Hea- 
vens change their Place and fly away, as they now ſee the 
Sun aſcend, and from the Top of the Firmament deſcend 
to the Point of its Setting. Copernicus himſelf ſaw the 
Stars riſe and go down; and he ſaid with the reſt, the Sun 
riſes, the Sun ſets, without fear of offending Truth. His 
Hypotheſis, which accounts for the CEconomy of the 
World, becomes here, the Interpreter of Scripture, and 
makes us clearly underſtand, that the future Alteration 
ſhall, in all its Circumſtances foretold, be as ſenſible as the 
actual Courſe of the Night and Day. It is a very rich Hy- 
potheſis indeed, which proves to be equally agreeable to 
Faith, to common Senſe, and the moſt frequent and reite- 
rated Obſervations. 2 
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HOUGH Galileo and his Diſciple Torricelli 
were ſtill full of the falſe Notions of antient Phi 
loſophy; yet they muſt be look'd upon as the Fathers 0 
modern Phylics ; ſince they were the, firſt who dared te 
maintain the Rights of Reaſon againſt the Authority 0 
Arifletle, which ſtop'd the Progreſs of Sciences, by ty 
rannizing in the Schools; and they firſt introduced the 
Method fo agreeable to Reaſon, of making every thing 
refer to Experience. Naturalifts, till Galileo, were no bet- 
ter than mere Talkers. Ever ſince his Time, and afte 
his Example, they all turn'd Obſervers ; and it is on ac 
count of his having obſerved what had eſcaped the Eyes 
of all the preceding Ages, that the 1talians ſtyled him the 
Lynx-eyed Virtuoſo. | 
The Statics, both that which ſets Levers and Weights 
a going, and that which gives Motion to Fluids, all 
Mechanicks, Aſtronomy, * Phyſics in general, borrow'd 
many conſiderable Helps from the Attempts made by Ca- 
{lea on Motion, and by Torricellius on the Air. | ſhall 
be contented with giving you an Account of the two 
fineſt Piſcoveries of each of them. That of the frit is 
the regular Acceleration of heavy Bodies in _ * 
ail 
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| ſhall propoſe it to you after my own Method, and in as 
few Words as poſſible. 

Let the Cauſe which brings down the of the Accele- 
Stone flung into the Air be what it will; ration of heavy 
it is an exiſtent Cauſe . The Stone, at Bodies, 
what Degree of Elevation ſoever it __ 
be, receives the Impreſſion of that Cauſe. That, which 
makes the Stone to fall, does then influence it every- 
where, and at every Inſtant after it has left the Earth, 
Let us now from Reaſon ſee what will happen to a Stone 
cal into the Air, in conſequence of this very plain Princi- 
ple. We ſhall be inclined to think ourſelves to have rea- 
ſon'd well, if our Argument proves agreeable to Expe- 
rience. 

A Stone placed at twenty or thirty Feet Diſtance from 
the Earth, and left to itſelf, ſhould (one would think) nei- 
ther aſcend nor deſcend ; ſince it has of itſelf no Inclina- 
tion, or any Motion of its own. It moves only as it is 
puſh'd. Its Indifference, in the Choice of one Direction 
preferably to another, is ſtill augmented by the Equality of 
the Prefſure of the elaſtic Fluid of the Air, which, by puſh- 
ing it as much towards the Heaven as towards the Earth, 
and in every other Direction, ſhould for ever contribute to 
keep it in the ſame Place. However, we know that there 
is a very active Cauſe, be it what it will, which puſhes the 
Stone downwards from above at every Inſtant, and at 
what Point of the Air ſoever it may be. 

Any Body put into Motion preſerves as much as poſ- 
fible the Motion it has got. The Stone will then, dur- 
ing the ſecond Inſtance of its Fall, and in all the follow- 
ing, as far as the Refiſtance of the Air will permit, pre- 
ſerve what Motion it has acquired in the firſt. But the 
ſame Cau'e, which puſh'd it at the firſt Inſtant, likewiſe 
puſh'd it at the ſecond. It then adds a new Motion and 
a new Strength to the firſt, and its Swiftneſs is every Mo- 
e accelerated. The Proportion in which this happens 
is this. : 

Let us here repreſent Celerity by a Line. A Line 
conſiſting of only two or three Points ſhall repreſent a 


See Diſcorſi e Dimanſtraxioni Mathematiche, intorno alla mecanica ei 
Woument; loca 1 del Signer Galileo Galilei linceo. 
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very ſmall Acceleration, or a beginning Celerity. A Line 
conſiſting of a greater Number of Points ſhall repreſent 
greater Celerity. Thus, ſuppoſe that the Stone, which he. 


which 
Celerit 
ties, EC: 


gins to fall, receives inthe Space of a Second , an Impulſe four D 
ſufficient to make it croſs, for Inſtance, the Space of a Rod, ed Cel 
Perch, or Pole fifteen Feet long; when it 3 to croſs of the 
that Space, it had not the ſame Swiftneſs which it has ac. cond ! 
quired when it had arrived at the End of that Pole. We the Im 
may then repreſent the ſucceſſive Increaſes of that Celeriiy is as f 
with 15 Lines, which always become longer from the fit has th 


call'd A, to the laſt marked out BC. When the Stone grees 
ſhall have acquired at the lower End of the firſt Pole the which 
Celerity repreſented by B C, it will preſerve this whole Ce- crols 1 


lerity, and make uſe of it during the whole following Se. fix, " 
cond. That Swiftneſs, which remains conſtantly the {ame a Spa 
during the ſecond Space of 'Time, inay be repreſented by tain'd 
fifteen Lines of the ſame Value with B C. will tl 


Now theſe fifteen Lines mark'd out BC, BC, are evi- 
dently the Double of that which we mark'd out ABC; 
ſince they form the Square B C, BC, whereof ABCis 
but the Half. The Stone muſt needs then, during the 
ſecond Second, have obtain'd a Swiftneſs twice as great as 
that which it has had during the firſt. It will then tra. 
verſe the Space of two Perches during the ſecond Time; 
but beſides this Celerity, acquired and continued during 
the whole ſecond Interval, it contrats as much Switt- 
neſs as it did in the firſt, by the permanent Influence of 
Gravity, let the Cauſe which operates it be what it 
will. The Stone muit then, beſides the Swiftneſs it then 
had, acquire in the ſecond Time the ſame Quantity of 
Motion as in the firit Second ; and by virtue of that 
Force croſs a Space equal to that which it croſs'd at firlt, 
viz. another Perch. I muſt then, during the ſecond Se. 
cond, croſs three Poles, two by the preſerved Celerity, aud 
one by the Swiftneſs ſucceſſively acquired in the ſecond 
Time as well as in the firſt, The Stone, in moving du— 
ring the third Second, retains the firſt Celerity acquired, 
which is as BC; and another Celerity newly acquired, 


2 The fixtieth Part of a Minute, which is the fixtieth Part of an 
Hour, | 


which 
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which is again as the Line BC. We may now call the 
Celerity B C, a Degree. Three or four Forces or Celeri- 
ties, each of the Value of B C, ſhall be call'd three or 
four Degrees. If the Stone has, with a Degree of acquir- 
cd Celerity, croſs'd two Perches; now or in the Beginning 
of the third Second, that it proves to have acquired a ſe- 
cond Degree, it mult croſs four Perches and a fifth one by 
the Impulſe of Gravity, which, during the the third Second, 
is as powerful and active as in the firſt Interval. The Stone 
has then, in the Beginning of the fourth Second, two De- 
grees of preſerved Force, and another newly acquired, 
which is three. If one Degree is ſufficient to make it 
crols two Perches, three will be ſufficient to make it croſs 
ſix, The Stone will then, during the fourth Second, croſs 
a Space of fix Poles, and the Space of a Seventh be ob- 
tain'd by the Impulſe of Gravity always perſevering. It 
will then, in the Beginning of the fifth Second, have three 
Degrees of Force — and one newly acquired, that 
is, four intire Degrees: therefore it will, during the fifth 
Second, croſs through eight Perches, and through the ninth 
one by virtue of the ſucceſſive Impulſe of Gravity. It will 
be the ſame in proportion in the following Times. 

By this very plain Calculation, it 1s evident, that the 
particular Sums of the Spaces paſs'd through, are one Perch 
or Pole for the firſt Second; three Perches for the next Se- 
cond ; five for the Third; ſeven for the fourth, Sc. In 
ſhort, the Sums of the Perches or croſs'd Spaces are, from 
one Second to another, as the following odd Numbers, 


1 35 55 Ty 9 tl, 13. 


it Second 2d Second 3d Second 
Perch. 3 Perches, 5 Perches, 

4th Second 5th Second 6th Second 

7 Perches. 9 Perches. 11 Perches. 

If afterwards, at the End of every Second, you collect 
the particular Sums of the Spaces croſs'd by the Stone in 
chat Second, with the Sums of the Spaces croſs'd in all the 
preceding Seconds; you will find, that theſe total Sums 
are as the Squares of the Times. For if you join one 


Perch of the--firſt Second, with the three of the follow- 
ing, 
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ing, they will make four: Now, four is the Square of 
two, or the Number two multiplied by itſelf. If yoy 
join the five Perches of the third Second with the fou 
Perches of the two preceding Times, they will make nine: 
Now, the Number nine is exactly the Square of three: 
for three times three are nine. If you join the ſeven Perchez 
of the fourth Space of Time with the nine preceding, they 
will make ſixteen : Now, four times four make fixtecn, 
The total Sum of the Spaces gone through mult then prove 
to be as the Square of the Times, or if you will, as the 
Square of the Celerities, which increaſe as the Times 
What we have juſt ſaid of the Acceleration of falling Bo. 
dies, we may ſay in a contrary Senſe, of the ſlackening of 
whatever aſcends : becauſe the Force which raiſes it is in- 
ceſſantly diminiſh'd by the Cauſe of Gravity. Therefore, 
if you throw a Body into the Air with a Force equal to 
the five Degrees of Celerity, which it ſhould acquire from 
Gravity in falling during five Seconds, and without taking 
Notice of the Acceleration, which in the Fall proceeds from 
the acquired Motion ; that Body thrown will have but four 
Degrees of Celerity at the ſecond Second, three at the 
Third, two at the Fourth, and the remaining Force expires 
with the fifth Second. | 

What we have juſt eſtabliſh'd by reaſoning on the Ac- 
celeration of heavy Bodies is not a bare Opinion. It isa 
Phenomenon for the firſt time obſerved by the celebrated 
Galileo, and confirm'd by Experiments made at the Ob- 
ſervatory, by the Help of the Hole contrived in the Vaults, 
from the Upper Terrace down to the Bottom of the 


Caves. 

| The Experiment, which makes for the 
Glory of Torricellius, is the riſing of Li- 
quors in Pipes void of Air. The Con- 
duit-makers of the Grand Duke had be- 
thought themſelves to make Pipes high- 
er than thoſe wherein Waters uſually roſe. 
| But as they did not experience, from thele 
Pipes of a new Structure, the Aſſiſtance expected from 
them, and the Pump refuſed its Service when the Water 
was to be raiſed above thirty-two Feet, they communicated 
the Thing to Galileo, and aſk'd him the Reaſon of it. Our 


Of the Preſſure 
of the Air, and 
the Rifing of 
Liquors. in Pipes 
void of Air, 


Philoſopher was for that Time ſurprized, and unprovider 
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of an Anſwer. However, he put a good Face on the. Af- 
fair, and gravely replied, that Nature abhor'd a Vacuum 
only to the Height of thirty-two Feet. The Conduit-ma- 
kers took this as a Principle ; and that Rule, falſe as it was 
for the Cauſe pretended, yet carried on their Works per- 
fealy well, as to the expected Effect: So true it is, that a 
Man may, without any great Danger, be miſtaken with 
regard to the Cauſe of what he does, provided what he ex- 
ecutes be directed by Experience. Experience is indeed 
our true Phyſics. 

Torricellius a, vex'd at the Water's refuſing to aſcend more 
than thirty-two Feet in a Pipe void of Air, made a new 
Experiment on a maſſier Fluid. He fill'd with Mercury 
a Pipe well ſtop'd at one End; he ſet it up with the open 
End immerſed in a Veſſel of Mercury; then withdrawing 
his Finger without _—_ the Orifice of the Pipe quite to 
the Bottom of the Veſlel, he ſaw the Mercury in the Pipe 
come down, and leave an empty Space at Top, and re- 
main ſuſpended at the Height of twenty-ſeven Inches. 
How! ſaid he; Nature abhors a Vacuum only to the Height 
of thirty-two Feet when it is Water that aſcends in a Pipe 
void of Air; and only to twenty-ſeven Inches when it is 
Mercury]! Vacuum does not frighten her beyond theſe Mea- 
ſures ! But why does ſhe fear it to more than twenty-ſeven 
Inches, when it is Water that riſes ? Very likely this Horror of 
Vacuity is an idle Fancy, a mere philoſophical Cant, which 
we take for good Coin without underſtanding it. Let us 
endeavour to find out ſomething more ſatisfaftory His 
Diſappointment and repeated Experiments led him at lait 
to a very ingenious Conjecture. This Diverſity of Eleva- 
tion in two very different Liquors, appear'd to him to pro- 
ceed from the Diverſity of their Weight. For, though 
neither he, nor perhaps any other Philoſopher living, ever 
knew, what Gravity is; yet it exiſts: It hurries us away: 
It cruſhes us: It is a moſt real Effect. As he was then 
ſearching what Weight might thus counterbalance theſe 
two Fluids, he thought Nature hinted to him that a Co- 
lumn of Air, correſpondent to the Orifice of the two Pipes, 
might perhaps hinder the Fluids from falling, and keep 
them up at unequal Diſtances, becauſe the twenty-ſeven 
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Inches of Mercury being very likely of the ſame Weight 
with thirty-two Feet of Water, which is a rarer kind ot 
Matter, the Column of Air might prove equivalent to di. 
ther of theſe fluid Maſſes. This Conjecture, as well ;; 
the double Experiment of the Pipes, ſoon ſpread abroad. 
Mr. Pa/cha/* improved the Experiments, and gave the Con. 
jecture an Air of Demonſtration. Nothing appear'd to him 
more ſatisfa&tory than the Experiment made by his Diree. 
tion on the Pui-de-domme, a Mountain near Clermont in 
Adergne. The Column of Air being ſhorter at the Top 
of that high Mountain than it was at the Foot, he though 
it ought to weigh leſs on that Account; and they found, 
that in Conformity to his Expectation the Mercury, which 
at the Bottom of the Mountatn maintain'd the Height of 
twenty- ſix Inches, was come down to twenty-three at the 
Top. Among other very ſenſible Means, he employ'd a 
crooked Pipe, as you ſee it in the Figure. 'The End mark- 
ed A is hermetically faal'd up. The Orifice B is exacthy 
cover'd with a Piece of a Bladder. The Pipe, being full, 
muſt be turn'd up-fide down as uſual. When you take 
your Finger from the End dip'd into the Mercury, what 
will happen ? If the Air weighs or preſſes, it will keep up 
the Mercury of the Pipe juſt at the Height of twenty-ſeven 
or twenty-eight Inches in C, and the Mercury which is in 
the crooked Part D, having no Relation to the Air, will, 
on each Side, putitſelf in an Equilibrio in the two Branch- 
es. But if you open the Orifice B, the Air muſt precipi- 
tate the Mercury from the Pipe directly into the Vale, 
and raiſe the Mercury, which is in the crooked Part D, up 
to A. And this is indeed what happen'd in all the Trials 
made of it. However, I don't know whether it 1s per- 
fectly certain, that this Effect of Fluids in Vacuo proceeds 
from the Weight of the Air. It has been ſince acknow- 
ledged, that the Air has a very powerful Spring, and that 
Spring poſſibly is the true Cauſe of what is attributed to 
the Preſſure of the Weight. 

Some Virtuoſos, who had left in a cer- 
tain Place a Pipe of this kind, whoſe ne- 
ther End was immerſed in a Veſſel of Mer- 
cury, ſoon perceived, that the Mercury. which was ful- 


'The Invention of 
the Barometer, 
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pended in the Pipe without falling out, was not always at 
the ſame Point; but that it roſe in dry Weather, and ſunk 
at the Approach of Rain, and ſometimes was ſuddenly 
agitated ar the Approach of Storms. All theſe Obſerva- 
tons were reduced into Rules. They put a Paper with 
Degrees mark'd upon it, or a Scale of ſeveral Marks, to- 
wards the higheſt Part of the Fluid, in order to compare 
the Progreſs of it, and thence to deduce ſome Prognoſtics 
on the Changes of the Air. They thought they had found 
ſome that were pretty certain for the Space of one Day, 
which would be already of very important Service ; and 
inſtead of the little Veſſel or Ciſtern ſeparate from the 
Pipe, they added to the latter a Glaſs Vial full of Mer- 
cury, making the Pipe ſomewhat elbow'd or crooked, 
and keeping the Vial open at Top, freely to receive the 
Im; reſſions of the Air. As that Bottle was three or four 
ſcore times broader than the Pipe; if the Impreſſion of the 
Air by its Alterations makes the Liquor of the Veſlel to 
deſcend one Point, there enters of Neceſſity a great many 
times as much into the ſmall Orifice of the Pipe; ſo that 
the riſing or ſinking of the Mercury in the Pipe becomes 
thereby extremely ſenſible : in a Word, they found out 
the Barometer. 7 

Many great Inquiries were made into the Reafon, why 
the Air, which one would think ought to be heavier at 
the Approach of Rain, ſuffers the Mercury of the Pipe to 
link, inſtead of raiſing it higher by the Preſſure of that of 
the Veſſel. ; 

To the common Conjectures I ſhall add one, which 
will at leaſt have the Merit of not being long. There 
remain always between the Tube and the Mercury pour'd 
into it, a great many Bubbles of Air, ſeveral of which fill 
the Top of the Tube after the Mercury leaves it. Theſe 
Bubbles of Air are always the ſame in Quantity : but the 
Quantity of Fire that creeps into or out of it may vary : 
they therefore may contract or dilate at the Approach of 
Rain. The minute Drops of rarified Water, which eve 
where ſpread, are ſqueezed and ſtopt by the Sides of the 
Glaſs. The Fire, which gets out of them, eaſily infi- 
nuates itſelf where the Water cannot enter, and dilates 
the Bubbles of Air it finds in the empty Part of the Tube, 
ſo as to preſs ſomewhat gently that Surface of the Mer- 
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cury, which then yields and ſinks. The ſame Thing wi; 
happen, if you preſent a burning Coal to the upper Par 
of the Barometer; and if the Mercury does not {ink there 
in hot Weather, it is becauſe the Heat does not circulute 
leſs in the Air that preſſes the Mercury of the Veſſel, than 
it does in the Bubbles in the Vacuity. It is then probable 
that the lowering of the Mercury at the Approach of Rain 
is owing to the accidental Fire which infinuates itſelf into 
the Bubbles of Air in the Pipe, by quitting the Bubbles of 
Water which are condenſed on the Out. ſides of the Gli. 
This Suſpicion ſeems to be countenanced by the ſmall 
Lightenings, which that Fire ſometimes cauſes, when the 
Barometer is jogg'd in the dark. 
| A Dutch Peaſant, named Drebbel, is re. 
OO puted in the Beginning of the 17th Century 
— ermo to have had the firſt Idea of another Iuſtiu- 
ment, which commonly is annex'd to the 
Barometer, and is call'd the Thermometer, becauſe it mea. 
ſures the Degrees of the Heat, as the other does thoſe of 
the Weight or Spring of the Air. 

The Thermometer is nothing but a round Bottle, having 
at Top a very long and ſmall Neck or Pipe, whoſe inward 
Diameter is twenty, thirty, or as many times as one thinks 
fit, narrower than the Body of the Bottle; ſo that if you 
cloſe the Pipe at the Lamp of an Enameller, after 2 
fill'd the Bottle and a Part of its Neck with colour 
Spirit of Wine, the Liquor cannot ſwell and mount 
one Point in the Body of the Bottle, without aſcend- 
ing twenty or thirty Points in the ſmall Tube. Spirit 
of Wine 1s fitter than any other Liquor for this Purpoſe; 
becauſe it never freezes. The Fire, which rolls in the 
external Air, cannot increaſe therein, without inſinuating 
into whatever it meets with, and conſequently into the 
Liquor contain'd in the Glaſs Ball of the Thermometer. 
Tt cannot enter into the Body of the Ball, withoat dilating 
the Spirit of Wine; and if it dilates it ever ſo little, it ſen- 
fibly cauſes the ſmall Thread of that Liquor to aſcend in 
the Tube. On the contrary, if the Fire leſſens either 
Quality or Activity in the Body of the Air, it proportion- 
ably diminiſhes in the Maſs of the Spirit of Wine. This 
condenſes a ſmall Matter; and if the Diameter of the 
Ball is to that of the Tube as 1 to 20, the Liquor of = 
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Ball cannot condenſe the quarter Part of one Line, but 
the Thread of the Tube ſinks at leaſt twenty Quarters of 
one Line, that is, five Lines. A graduated Scale, glued 
on the Board wherein the Tube is ſet, ſhews the Dilatation 
or Contraction of this Liquor. But the Fancy of the 
Workmen being the only Rule that determines the Pro- 
portion of the Ball to the Tube, that generally determines 
the Point from which the Numeration is to begin ; that 
alſo determines the Choice of a Liquor more or leſs capa- 
ble of being dilated ; that, in ſhort, aſſigns to the Degrees 
their Meaſure : The natural Conſequence of this Variety 
in the Conſtruction is, that we hardly know what we ſay, 
when we mention ſuch or ſuch an Elevation of the Ther- 
mometer. It is ſelf-evident, that the Thermometer of 
two different Towns, or even Houſes, will never ſpeak 
the ſame Language; ſo that they can never be compared 
together. 

Mr. De Reaumur , by reducing the Conſtruction of the 
Thermometer to ſuch Rules as make it uniform and con- 
ſtant, has enabled us to compare the Advices of the Ther- 
mometer of Paris, with thoſe given by the ſame Inſtru- 
ment at Rome, London, or Conſtantinople. 

The Uſe of the Thermometer is not an Amuſement of 
mere Curioſity. It ſerves to determine the Degree of Heat 
we think fit to give to the Air of a Room, the Water of 
a Bath, and a hot Green-houle ; whether we intend to 
forward our ordinary Plants, or to preſerve any foreign 
Plants in them. This Inftrament affords us an infinite 
Number of Experiments, wherein we are exactly to judge 
of the Degree of Heat of Fermentations, and of the De. 
gree of Cold in what has been artificially frozen, In ſhort, 
it is moſt particularly from the Compariſon of Thermome- 
ters of an uniform Conſtruction, and placed in different 
Countries, that we may draw Conſequences fit to bring 
tie Knowledge of the Air to its Perfection. 

In order to judge rightly of the Variations of the Heat; 
the Thermometer mutt be put in a free Air to the North, 
and in Places inacceſſible to the Sun, to great Reflections 


See his excellent Memoir, 1730, or the Explication found upon 
the Thermomters of that Conſtruction, at the Abbè Nollet's in Qaai- 
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of the Light and the Heat of Chimneys. The North is 
likewiſe the moſt favourable Expoſition for the Baro. 
meter. | 

There is another Machine deſign'd to 
monſtrate the Spring of the Air, and to 
inform us concerning the Relations that 
Element has with whatever breathes or vegetates; or rather 
with every and all the Parts of Phiſics. For is there an 
thing on Earth, into the Compoſition whereof Air docs 
not enter, and make its Action ſenſible? Is there an 
Element with which it does not unite; That admirable 
Inſtrument call'd the Pneumatic Machine, or more com- 
monly the Machine of Vacuum, was invented in Germany 
about the. Middle of the 17th Century, by Oh of Guerric 
a Conſul of Magaebourg, and brought to Perfection in 
England by Mr. Robert Boyle, a Member of the Royal So- 
ciety. 

On a Stand of any Form, is horizontally placed a round 
Copper or Braſs Plate, with a Hole in the Middle, gar- 
niſh'd with.a Buck or Sheep-ſkin, and deſign'd to ſupport 
a Glaſs-cap or any other Recipient you think fit to lay 
upon it. There is under the Plate the Body of a Pump, 
into which you receive the Air of the Recipient, as you 
let down the Piſton or Sucker. The Cock being turn'd, 
and exactly ſtopping all Communication of the Pump with 
the Receiver, lets the Air out through a Groove contrived 
at the Side of the Key. When the Sucker is raiſed up 
again, and the Air diflipated, they open the Channel 
again, and by new Strokes of the Sucker, exhauſt as much 
as poſſible the Air from the Recipient, which the Preſſure 
of the Atmoſphere faſtens down very ſtrongly to the Plate; 
the little Air that remains under, being too much unbent 
to be able to refiſt that Preſſure. You immediately ſee 
ſome Vapours floating therein, which are ſo many Parti. 
cles of Water, wherewith the Air is always furniſh'd, and 
which run together again for want of the Support of the 
Air, which by rarifying them made them alſo inviſble. 
If you put under the Recipient either wither'd Fruits, or 
a flaccid Bladder tied and loaded above with a Weight of 
ſeveral Pounds, the Skin of the Fruits ftretches and be- 
comes ſmooth : The Bladder ſwells, and makes the Weight 
riſe: A Bird or any other Animal immediately falls into 

$0 Convulſione 
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Convulſions therein: A Fiſh experiences a moſt violent 
Tenſion: His Eyes ſwell, and his Air-veſlel burſts. The 
inward Air which dilates within their Body, becauſe there 
is no longer any Air that preſſes the Animal without, is 
to it at firſt in lieu of a violent Emetic, and would kill it, 
were not the Air immediately reſtored to it again. 

From theſe and a hundred other Experiments it has be2n 
found, that the dilated Air fills a Space ſeveral thouſand 
times larger than it did when it was compreſs'd. They have 
begun to perceive the Power of the Air, in all the Nutri- 
tions of Animals and Plants. But of all the Advantages 
that have been procured by this Invention (and theſe in- 
deed are numberleſs) none perhaps is greater than that of 
perceiving the Artifice by which God has made us to hve 
in a Fluid which we do not feel, by giving the ſmall Por- 
tion of the Air within us a Tendency towards dilating, eve- 
ry whit as powerful as that the external Air has to cruſh us 
by a Preſſure capable of breaking the Ribs of our Bodies” 
and of ſuddenly bringing the Back and Breaſt-bone cloſe 
to one another. By this truly wonderful Equilibrium, the 
Muſcles which ſtretch the Arm of Man, and thoſe that 
move the Wing of a Gnat, exerciſe their Motions without 
any Reſiſtance, notwithſtanding the enormous Preſſure of 
the Body which 1s round them : And whenever that exter- 
nal Preſſure increaſes or diminiſhes by the Concurrence of 
the Water, the Fire, and the Winds, there happen in the 
Veſſels of Animals and Plants ſuch Alterations as determine 
the good or bad Conſtitution of them. All the Progreſſes of 
experimental Phyſics are then to us Demonſtrations of the 
two following Truths: The firit is, that Gop maintains 
the World by the general Law of a ſimple and regular Mo- 
tion; the other, that the very minuteſt Globule of Fire, 
Water, or Air, is a Machine framed with Art, and by a 
ſpecial and determined Will. | 

Both theſe Truths, the Baſis of ſound Phyſics, will bor- 
row the utmoſt Degree of Evidence and Perſpicuity, from 
the Diſcoveries that have been made by the Aſſiſtance of 
the Microſcope. 

It is thought, that the Hollanders, who W 
had with Succeſs wrought the Glaſſes that the — 
draw remote Objects near, were the ſame 


that firſt look'd for, and found out ſome Means of magni- 


7 2 fying 


Of the MICROSCOPE. 315 


2 - * 
„ 2 * © 


— — 
2 — rn 


11 
Wer 
7 
11 
1 . i 
* 
1 
1 
ft { 
8 
4 
bs { 
* 1 
1 * © my 
IT. | 
T. = 
' i. 
s 
J , 
1 
4 
: 
8 1 
{ 2 
. 17 
= 
: 


* 22 


* 


AL o OU E vn. 


fying Objects. Mr. Hooke in England, Meſſieurs Salketi 
and Malpigoi in Italy, Mr. Leewenhoek in Holland, and 
Mr. Joblot in France, have applied themſelves very much 
both to the improving of lenticular Glaſſes and the Man- 
ner of mounting them; and have communicated a thou- 
ſand Obſervations to us equally curious and important. 
The Microſcopes, which are the moſt approved for their 
Structure and Effects, are thoſe of Mr. Edward Scarlet of 
London, of the Abbe Mollet, and of Meſſieurs George at Pa- 
ris. Leewenhoek's famous Microſcopes were nothing but 
very ſmall Drops of Glaſs melted at the Lamp of an Ena- 
meller. When you want the, Inſtrument, you may at any 
time, and in a Moment, procure it by piercing with a Pin 
a very ſmall” Piece of Lead, and by filling the Aperture 
with a very little Drop of Water, which you are to put 
into the Orifice with the Beak of a clean Pen. If that Drop 
remains round like a Bubble in the Pin-hole, it becomes 
a Lens, the Focus whereof being extremely near it will 
prodigiouſly * any ſmall Object you ſhall preſent to 
it: And the Loſs of that excellent Microſcope may be re- 


pair'd at a very ſmall Expence, by one that is equivalent, 
or perhaps ſuperior to it in Goodneſs. 


Here, together with an unknown World, we diſcover 
new Motives every where to adore and be ſenſible of the 
Hand of the Creator. From a vague and extravagant 
Prejudice, oftentimes ſtrengthen'd by the very Principles 
of our Maſters upon the Subje& of Corruption and Ge- 
neration, we attributed to vile Matter the infinitely ho- 
nourable Privilege of producing Animals and Plants. I 
never would call ſuch a Philoſophy a ſacrilegious Impiety ; 
ſince we can never be too ſparing in thy Uſe of odious Ap- 
pellations : But to take from Gop, and to attribute to a 
Fruit grown ſour the Glory of producing an Inſect, which 
ſhall afterwards bring forth another like itſelf, is ſaying, 
that Motion may organize a Body, prepare a Brain, maxe 
Nerves iſſue from it, conſtitute a Contraſt of Muſcles, 
conſtruct Lungs, a Heart, a Stomach, and Bowels. Does 
not the Philoſopher, who gravely teaches the Poſſibility 
of theſe Generations, ſhew a perfect Readineſs and Diſpo- 
ſition to admit. Epicuruss Coſmogony ? But inſtead of ar. 
guing here againſt the ſecond Cauſes of the Schools, and 
againſt their directive Concourſe ;-let us take a good Mi- 

croſcope 
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croſcope in Hand ; it will confute all thoſe empty Forma- 
tions which are attributed to Matter, and every where un- 
veil to our Eyes the immediate Operation or Action of a 
Wiſdom which daily produces every tning, or from one 
Day to another unfolds what ſhe had in the Beginning 
created in little ; that it might ſucceſſively again produc : 
and perpetuate itſelf through all Ages. The Microſcope 
ſhews us all theſe Inſects coming out of the Eggs that con- 
tain'd them. There are now-a-days no Plants, whoſe 
Seeds it does not diſcover to us. 'The very Muſhroom has 
its own ; and the Dung, which may very well nouriſh it, 
can no longer generate it. Nay, ſomething more was 
done. The imperceptible Duſts, which from the Top of 
the Stamina of Flowers fall round the Tufts of the 'I'runk 
or Snout that ſtands on the Capſula of the Seeds, in the 
Microſcope become Bodies of a regular Figure, and con- 
ſtant in every Species. The Duſts of Mallows are little 
Balls briſtling with Prickles, like the Shell of a Cheſnut. 
The Duſts of Poppies are Balls wholly tranſparent, a ſingle 
black Spot excepted, where all the Threads of a fine Net- 
work, which ſurrounds them, center. The Scale of a 
Sole, the Smallneſs of which makes us overlook it, and 
which we ſwallow without our Knowledge, is a Work ot 
moſt admirable Regularity. The End, which faſtens this 
Shell to the Sole's Back, is arm'd with twelve or fifteen 
ſmall Points, with which it is as it were pinn'd to the 
Fleſh of the Fiſh. There is not one ſingle Fiſh, whole 
Scales are not more beautifully woven than the Maſter- 
piece of the moſt ingenious Baſket-maker. The Fibres, 
which compoſe the Scale of a Pike, are woven in a Man- 
ner quite different from thoſe which we admire in the Scale 
0: a Carp or Perch : But one Order and Texture inva- 
riably reigns in all the Scales of the ſame Kind. No leſs 
Repularity is found in the Structure of the Feathers of 
Birds, in tie Fibres of the Fleſh of the ſeveral Animals, 
in the Make and Compoſition of the ſeveral Kinds of 
Wood, and in the Figures of the different Salts. From 
the Cape of Good Hope to Suez; from the Ihmus of Suez 
to the remoteſt Parts of Tartary ; in ſhort, from Tartary 
and Labrador to the Terra Magellanica, whatever exiſts 
has a conſtant Form, and an invariable Structure, notwith- 
Kand:ng the Variety ol Foods, and the Multiplicity of Cir- 
F'3 cum ſtancea 
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cumſtances. The Mixture of the Species may indeed per. 


petuate and multiply ſome certain Varieties in the outwarg 
Form, and in the Inclinations of Animals. The Paſſage 
of the Duſt of the Flower of one Pear-tree, into the Pfl. 
tillum of the Flowers of another, may alſo make a Mix. 
rure of Properties, and enrich us with ſome new kind of 
Fruits: But the Genus of both the Animal and the Plaut 
is never to be deſtroy'd, and the Motion of accidental 
Cauſes, which never alters them at Bottom, or intirely 
changes their Nature, can by no means have form'd them, 
The Microſcope gives this important Truth a much greater 
Degree of Evidence, by enabling us to perceive Duſts and 
Grains in thoſe very Plants which are of themſelves im- 
perceptible. The Uſe of the Duſts, imploy'd in an uni— 
form Manner to render the Seeds fruitful in all Plants 
whatever, ſhews a general Deſign; and the Variety of the 
Execution of it ſtill better ſhews, that this is not the Work 
or neceſſary Impreſſion of blind Motion, but the Choice 
of a free Wiſdom, which has in ſuch or ſuch Plants united 
the Duſts and Seeds on the ſame Stem ; and in others put 
the Duſts on one Stalk and the Seeds on another: An Ar- 
tifice which can indeed never be done by either Motion or 
Attraction. 

The Microſcope, which in every known Being brings 
us from the ſame Veſſels to the ſame Fibres, and after- 
wards ſhews us the ſame capillary Fibres therein, convinces 
us of a primordial Delineation, and of an Organization, 
which, in the minuteſt Animal, as well as in a whole 
World, can have no other phyſical Cauſe than Gop 
himſelf. 

This is not a Place to ſpeak to you of the Structure of 


Microſcopes, or of many other wonderful Machines, 


which are every Day invented. I ſhall defer giving you 
the Principles of them, till I entertain you about the geo- 
metrical and mechanical Rules, which make up the full 
Certainty of them. It is impoſſible now to purſue a more 
32 Enumeration of the Succeſſes of experimental 

hyſics, either in the Aſſiſtances it endeavour'd to procure 
our Ears and Eyes, or in thoſe it ſupplied us with, by the 
Obſervation of the internal Parts of the human Body. 
Chemiltry alone ſhould deſerve to be ſtudied apart. One 


might make up a reaſonable Volume of the re Liſt of the 
Services 
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Services which Botanics do us every Day, by ſhewing us 
new Remedies, by imbelliſhing our Gardens with new 
Shrubs for Flowers, by inriching us with new Vegetables 
and Fruits, by facilitating the Means of keeping up our 
impair'd Foreſts ; by ſupplying Turners, Joiners, and In- 
layers with Woods of a richer Colour, or fit to be render'd 
more ſmooth ; by ſupplying Painters and Dyers with Seeds, 
Gall-nuts, Fruits, Leaves, Woods, Roots, and Oils fit to 
bring Varniſhes to Perfection, and to diverſify the Orna- 
ments Which we ſo much admire in our Attire, Furniture, 
and Churches. 

A ſingle Fact will make you judge of the Merit of Bo- 
tanicks. A few Sprigs of Coffee, having with their Roots 
been carried from the Garden of the Plants of Leyden to 
Java, and from that of Paris to Martinico, and then to La 
Cayenne, have already begun to yield Millions, and almoſt 
wholly freed Holland from the Contagion of the Scurvy, 
by rendering the Uſe of Coffee univerſal and common 
there. But I ſhall give you a ſufficient Account of all the 
Helps which we derive from modern Phyſics, by acquaint- 
ing you in a few Words with the Eſtabliſhment of thoſe il - 
luſtrious Societies, which profeſſedly make it their Buſineſs 
to procure us theſe Helps. 

The Succeſs of the Obſervations and Experiments of 
Galileo and Torricellius, in the Jime of King Lewis the 
thirteenth, induced a Multitude of Virtuoſos to attempt the 
ſame Things in France. The Exactneſs, quick Penetra- 
tion, and ſingular Clearneſs of Mind of Mr. Paſchal, 
who carried the ſame Experiments much farther, made 
him careſs'd and courted by the greateſt Naturaliſts of that 
Time, As young as he was, Crowds of learned Men 


flock'd together to hear him ſpeak. By degrees, a So- 


ciety of Virtuoſos gather'd round him, who regularly 
held their Conferences on certain Days, and mutually 
communicated to each other the Fruits of their particular 
Studies. Next to Mr. Paſchal, the moſt conſiderable of 
theſe learned Men were Meſſieurs Fermat, Robertwval, 
Gaſjendi, Deſcarte:, Father Marſene a Minim Monk, and 
a few Engliſb Lords. Mr. Oldembourg, who was one of 
the latter, being return'd to London, there introduced the 
Method of the like Conferences. This Aſſociation for 
the Improvement of ſolid and evidently uſeful Studies 
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eaſily found many Favourers among the Eglise Nolulity; 
not only becauſe they found in it Means of Comfort, or 
of avoiding Suſpicion under the Dominion of Croma; 
but above all, becauſe the Nobility of that Nation look 
upon Ignorance as a Reproach ; and never think then. 
{elves happy, but in Proportion as they buſy themſelves 
uſefully and reaſonably. The ſame Encomium of the 
Engliſo Nobility was made by Eraſmus, above two hun. 
dred Years ago. 

The evident Advantage of theſe Societies determined, 
almoſt at the ſame Time, King Char/es the Second, and 
King Lewis the Fourteenth, to render them durable and 
permanent, by giving the Royal Society *, and the Aca- 
demy of Sciences d, a Houſe, a Fund, and proper Regu— 
lations. The Tranſactions of both theſe Societies are 
nearly ſo many annual Experiments; and it may be ſaid, 
that it is from them that we have our beſt Phyſics. Af. 
ter their Example, were ſucceſſively form'd the Academics 
of Florence and Boulogne, of Montpelier and Bourdeaux, of 
Leipgfic and Berlin, and of late, thoſe of Peterſburg and 
Seville, Theſe two laſt make us hope to obtain the Infor- 
mations which we wanted, both on the Particularities of 
the Northern Parts of Europe and 4fia, and on thoſe of 
both Americas. 

All theſe Societies gave, and every Day give Birth to 


"an infinite Number of painful Obſervers ; who, inſtead of 


tedioully repeating, or of diſguiſing with a new Outſide 
the Learning of their Predeceſſors, conſtantly proceed 
from one Experiment to another, and every Day afford 
us new Facts and Truths, little known in former Times. 
The Title of Geographer or Aſtronomer, of Botaniſt or 
Geometer, or any other, aſſumed by any Naturaliſt, who 
deſigns to have Admittance into the new Academies, is the 
the Profeſſion of the Service he obliges himſelf to do the 
Public. By this Means, Sciences, formerly ſo dull, ſo lan- 
guid and melancholy, are now become as active, as briſk, 
and as ſtrictly adapted to our Wants, as Arts, even ihe 
moſt mechanical, can be. 

We are indebted to Mr. Huygens, one of the Academy 


of Sciences, for the Perfection of Clock-making. The 


2 In the Year 1663. b In the Year 1666, 
Great 
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Great Caſſini ſhew'd us the Ring of Saturn, and four of 
the little Moons which attend it. The practical Part of 
Aitronomy, which is of greater Concern to us than the 
moſt ſublime Theory, is now come, in his H-nds, to a 
greater Degree of Exactneſs than it eve had before his 
Time. In the Year 1663, Mr. James Gregory, of Aber- 
den in Scotland, gave us the Idea of the refledting Tele- 
ſcope; and it is that which Meſſ. Paris now make with 
ſo much Succeſs, both in little and in great. Some Vears 
after, Sir Jaac Newton made us acquainted with the Won- 
ders of Light. Mr. Malpighi, a Phyſician of Boulogne, is 
the firſt who rightly and accurately obſerved the progreſ- 
five Unfoldings, both of the Chicken in the Egg and of 
the Sperm in the Seeds, and generally of the Stalk, of the 
Barks, and of the Buds in their Cap/u/z or Caſes, Meſſ. 
Morland and Geoffro: are thoſe who, being guided perhaps 
by the Advice of Seneca and Pliny, have put in a better 
Light the Relation which is found between the Duſt of the 
Stamina, the Flowers and the Seeds contain'd below the 
Piſtillum. | 

Mr. De Tournefort, Mr. Ray, and Meſſ. De Juſſieu, 
have by their indefatigable Cares put in good Order the 
Knowledge of Plants, which was horridly confuſed before. 
The two laſt, infinitely dear to the Public for the vait 
Extent of their exquiſite Learning and Knowledge, are 
ſt} more ſo on account of their eager Zeal in forming good 
Philoſophers. Mr. Lemeri ſerved us extremely by his 
Dictionary of Drugs. Mr. Pagot d'Onzenbray, Mr. Bon- 
ner de la Maſſon, Sir. Hans Sloane, and the Duke of Bour- 
bon, by their rich Colle&ion of Curioſities, of marine and 
terreſtrial Productions, of Minerals, Inſtruments, and Ma- 
chines of all Kinds, have nobly animated and aſſiſted Na- 
tural Hiſtory, Mechanics, and all Arts in general. Their 
Cabinets are the true Magazines of Natural Philoſophy ; 
and offer Virtuoſos not only an amuſing Spectacle, but al- 
lo a commodious Repertory of whatever may be ſervicea- 
ble to Mankind, excite Curioſity, and be the SubjeQ-mat- 
ter of as many Experiments. 


a See his Optica premota, printed in the Year 1663. 
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5 It is not enough, my dear Chevalier, that 
3 Deſcription I have inform'd you of the fineſt Diſcove. 
24g zood Obſer- ries of modern Phyſics, and given you a 
Reliſh of that Science, which is fitter than 
any, nobly to fill up the leiſure Hours of a rational and 
judicious Mind. The Hiſtory I have given you would 
ſtill be inſufficient, did I not conclude it with the Piclure 
of ſuch an Obſerver as may ſerve,you as a Pattern. I know 
one of that Kind, and you know him too, ſince I have 
often obſerved to you, that if I had ſometimes amuſed you 
by certain and delightful Obſervations, I was particularly 
indebted to his Works for them. 

He is a Geometrician ; becauſe he knows, that no great 
Progreſs can be made in many Parts of Natural Philoſo- 
phy, without the Aſſiſtance of Geometry. But he does 
not dwell perpetually upon Geometry, or is for ever intent 
upon Lines; nor does he affect publickly to talk Algebra 
with three or four European Philoſophers who may chance 
to underſtand him, When Neceflity requires it, he has 
recourſe to his mathematical Caſe of Inſtruments ; and, 
but in Caſes of Neceſlity, he loves to treat on ſuch Subjects 
as are univerſally underſtood. What he ſays about them, 
is always ſo new, and utter'd with ſo much Comelineſs 
and good Grace, that every Woman liſtens to him with 
the utmolt Satisfaction. Nay, his Generoſity is ſuch, that 
he pitches upon ſuch Matters as may concern Artizans 
themſelves. 

He is a great Obſerver, and his Learning is rather about 
Things of particular Examination, than about general Sub- 
jects: Having from long Experience been convinced, that 
there is ſcarce any thing but Uncertainty and Unprofitable. 
neſs in general Phyſics; whereas the Conſideration of par- 
ticular Subjects moſt commonly leads us to certain Diſco- 
veries and uſeful Operations. 

Diffidence is the chief Character of his Method of ob- 
ſerving. He carries the Exactneſs of his Reſearches to 
the utmoſt Scruple : And inſtead of being ſatisfied with 
one ſingle Fact, though he ſaw it very plain, he turns 
over and over, and every way conſiders the ſame Subject: 
He makes it paſs through ſo many Trials, that very often 
he by the way finds Things ſtill new, together with the 
Confirmation of his firſt Diſcovery. One might be apt t9 


think, 
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think, that ſuch a Patience muſt coſt a briſk Genius, and 
which is greedy of acquiring Learning, very much : But 
this Exerciſe has render'd him ſo very ſharp- ſighted in the 
Works of Nature, that he at the firſt View perceives to 
what End ſuch or ſuch a Thing tends, from the Analogy 
it has with other Things perfectly known to him. By 
the Beginning of an Experiment, he gueſſes what the Se- 
quel of it will be. From the firſt Motions he ſees any un- 
known Animal make, he foretels in what the whole Ope- 
ration of that Animal will end. But though he is uſed 
always to ſee his Predictions accompliſh'd ; yet he never 
thinks he has ſeen any thing, till he has repeated and va- 
ried his Experiments. He looks upon the minuteſt Things 
in Nature as ſo many Miracles, which are not to be ad 
mitted, till they have been fully aſcertain'd, and made clear 
beyond all Doubt. hos 

The Aim of his Obſervation is, as far as in him lies, 
to make them refer to our Wants. I know that he ſome- 
times aims at no more than a laudable Curioſity. There 
is perhaps nothing more than a bare- Amuſement to be 
hoped for, from what he tells us of the Formation of Pearls, 
Shells, and Stones, of the Beginning and Increaſe of Co- 
ral, of the Light which ſome certain Shells caſt “, of the 
Republic of Waſps, and of the Work of a vaſt Number 
of Inſects; but Amuſements like theſe are indeed very 
noble; and even in theſe he may be ſaid to arrive directly 
enough at Utility; ſince reaſonable Diverſions make a Part 
of our Wants. | 

As for the reſt, this agreeable Virtuoſo every Minute 
has our Welfare in view. One would think, from his con- 
ſtant Attention to find out whether ſuch or ſuch a Thing 
might not be of Service for promoting the Fertility of 
Lands; whether another might not procure us ſome new 
Dye ; whether a third might not be good for Iron Works; 
whether ſuch or ſuch an Earth might not imitate China 
Ware; whether ſuch or ſuch a Sand might not be of Uſe 
to Architects or Glaſs- makers; whether ſuch or ſuch 
Means might not aſſiſt a Houſewife or a Mother, in pre- 
ſerving her Stuffs from Moths, or her Children from the 
Biting of Bugs: From all theſe his Cares, I ſay, ons might 
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be apt to think, that he is aſhamed of knowing any thing 
from which Mankind can reap no Benefit. He never think; 
himſelf debaſed by theſe minute and particular Cares, His 
Phyſics are not diſparaged or diſhonour'd, becauſe he 
ſometimes happens to be with Blackſmiths, or in a Dairy 
or a Kitchen. He with Dignity teaches a Country-woman, 
or a Farmer's Wife, how ſhe may with little or no Ex. 


pence do an Egg over with a Lay of Varniſh, or put it in 


a little Mutton Fat, to preſerve it perfectly freſh for ſeve- 


ral Monchs together . I ſhould be a thouſand Times more 


pleaſed with myſelf to have procured ſuch a wholeſome 
Food for the poor Sailors, than to have accounted for E- 
lectricity, by an Attraction which diminiſhes in an inverted 
Proportion of the Square of the Diſtance, _ 

I could not, my dear Friend, better conclude this Hiſ- 
tory of Experimental Phyſics, than by inviting you to imi- 
tate in this Study, as well as in all your Reſearches, the 
provident Cares and noble Views of Mr. De Keaunur. 
His Love for the Public (of which I am a Part) is moſt 
particularly what makes him dear to me. This Intereſt 
alone made me his Friend; and were he born in Londen, 
or beyond the Alps, the Eſteeem and Gratitude I ſhould 
expreſs for his Works would be equally lively, but could 
never proceed from a purer Motive. 


2 I have experienced, that a new-Jaid Egg, boil'd as uſual, may be 
thus preſerved without any Alteration for a Month or more; becauſe the 
white Varniſh, thicken'd on the Pores of the Shell, hinders the Liquors 
from tranſpiring, When tis put again into boiling Water, as if it had 
never been done, it turns the White into Milk as well as at firſt, Which 
"ay be very uſeful for fick Perſons in the Months of December and Ja- 

, and at all times in Hoſpitals, 
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HOUGH the Hypotheſes, by which Prolemy 
Copernicus and Tycho-Brahe have endeavour'd to 
account for the Motions of the Heavens, are commonly 
call'd Syſtems ; yet this is no longer what we underſtand 
by General and Syſtematic , Phyſics. We have now in 
Hand thoſe Phyſics, which pretend to account for and 
explain the Original, and the inward Frame of the whole 
Univerſe. A noble Project! Four or five renown'd Philo- 
ſophers have buſied themſelves about it. They form'd 
numerous Parties, and created many great Diſputes. 
The Hiſtory of their Pretenfions may perhaps determine 
us to ſide with the better Party, or to preſerve a perfect 
Neutrality. 
Epicurus, having revived the Notions 
of Leucippus and Democritus, thought he Fpicurus's A- 
had conceived very well, that Particles of toms, 
Matter differently form'd, after having 
ſubſiſted from all Eternity, had, ſince a certain Time, 
been hook'd one on another in Vacuo; that by moving, 
ſome in a ſtraight Line, others indirectly, they m_ — 
er 
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ther'd in many different Platoons, and form'd Bodies and 
Intelligencies : That the Liberty of Man was more eſpeci. 
ally the Work of Atoms moved in an oblique Line, That 
therefore, Hazard had form'd the Sun, peopled the Earth, 
eſtabliſh'd tie Order that reigns therein, and by one 
Mould framed both the World, and the intelligent Being 
who is the Spectator of it“: That we were not to think 
that the Sun was made to light us, or our Eye to ſee; but 
that having taken Notice thar the Sun might ſerve to light, 
and our Eyes to ſee, we had applied the Sun and Eye to 
thoſe Uſes. 

This ſublime Philoſophy was written in Latin Verſe by 
Lucretius, commented upon by the great Scaliger, and by 
learned Men of all Countries tr..aſlated into all Languages, 
in order to re tify the Notions of Men upon 

I provoke your Impatience in the very Beginning of 
this Hiſtory, my dear Chevalier; and if our other Con- 
trivers of Syſtems have nothing better to afford you, I, 
perceive you are very ready to excuſe me the reſt : But 
you would very much wrong the others, by judging of 
them from Epicurus. His Syſtem is little different from 
thoſe that are made at Bedlam; and the Inhabitants of A. 
dera did tolerable Juſtice to one of the firſt Raiſers of that 
fine Edifice d, when they ſent ' Hippocrates to him to cure 
his Madneſs. 

Op Ariſtotle, and his Favou:ers, think the 
— = 8 World compoſed of primitive Matter, 

* which has, they ſay, no diſtinct Form, 
and is apt to receive any Form whatever; from which 
ſprung the four Elements, of which all Bodies are com. 
poſed, and into which they are all reſolved by a final 
Analyſis. 8 

There is indeed ſome Difference between that primitive 
Matter and the Atoms: but Epicurus and Ariſtotle agree in 
this, that they firſt admit of a primitive or primordial Stock 
of indetermined Matter, capable of entering into State 
and Compoſitions of all Sorts. 


a Neve putes oculorum clara creata, 
Ut wideant ; fed quod natum eft, id procreat uſum. 
| Lucret, de rerum natura. 


Gaſſendus 


þ Demacritus, 
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"aſſondus reſumes Epicurus's Atoms and ; 
—_ to 3 his World with: Caſendi's 
with this Difference, that he puts them 
into the Hand of Gop to make them move according to 
the all-wiſe Views of his Providence. This Philoſophy 
never offended any body in the Point of Religion; which 
it does not ſtrike at, upon any Account. But here again 
you are to obſerve the ſelf-ſame Foundation of an uncer- 
tain Matter, which at firſt has nothing regular or deter- 
mined in it, and which ſhall afterwards be apt to be con- 
verted into ſome Body or other. according a# you ſhall 
think fit to handle, compoſe, or divide the ſame, and to 
colle& it into other Maſles again. 
Deſcartes rejects the Vacuum, and will _ f 
have every Space to be full in his World; N 1 p 
though it be a hard Matter to make the 
Liberty of Motion agree with the perfect Exactneſs of the 
Plenum. His Manner of conceiving the Creation of it is 
this. Firſt ©, Gop creates an immenſe Maſs of homoge- 
neous Matter, all the Particles of which are hard, cubical, 
or at leaſt full of Angles. He afterwards imparts to theſe 
Particles a twofold Motion. He make moſt of them turn | 
on their own Centre, and ſeveral Platoons of them turn | 
round a common Centre. And theſe he calls Vortices or | 
Whirls of Matter, This done, the whole is executed ac- | 
cording to his Notions; and from the Friction of theſe | 
Particles, worn out at their Angles, a very fine Duſt will 1 
be form'd, which he ſtyles the firſt Element, or the ſubtle | 


Matter; then a globular Matter, which he calls the ſe- 
cond Element, or the Light; and at laſt a maſſy fifted 
Duſt full of Branches, which he calls the third Element, 
of which all ſorts of Maſſes are to be made. This Chaos 
thus coming out of Gop's Hands, according to Deſcartes, 
ranks itſelf in Order, by Virtue of the Continuation of 
the two Motions thereon imprinted by Gop, and of itſelf 
becomes a World like ours, in which, though Gop has put 
10 Order or Proportion d (theſe are his very Words) all the 
Things both general and particular, which appear in the true 
World, ſhall be perceived. 
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3 Chemiſts, in order to enable themſelvcs 
3 4 to make Gold, and to prepare the Reſto. 
rative which hinders us from dying, o 
at leaſt conſiderably lengthens our Lives, were obliged 
to ſearch into the Bottom of Nature ; and thought they 
had found out, that Salt, Sulphur, and Mercury, together 
with a few other Ingredients, about which they are 'not 
as yet agreed, were indeed the immediate Elements of 
Metals, and of all Bodies ; but that there was in reality 
a primitive Matter, which took all forts of Forms, as all 
the Sages of Egypt and Greece, and the Philoſophers of all 
Ages aſſured us there was: That conſequently nothing 
remained to be done, but to work upon that primitive 
Matter, to preſent it with fit Moulds, and to give it a cer- 
tain Turn, to have Gold, Jewels, and the Elixir Sa- 
lutis. 

Hitherto, Sir, you ſee a perfect Agreement among all 
theſe Sects of Philoſophers as to the principal Point. They 
all, though under different Terms, come to a Chaos of pri- 
mitive Matter, and of innumerable Particles which are 
neither Gold nor Silver, Salt or Sperm, Fruit, or any 
other determinate thing, but which will ſerve by their 
Mixture to compoſe every thing, and into which every 
thing may at laſt be reſolved. The only Difference [ 


find between them, on this Account, is, that the Chemiſts 


are far more judicious than all the reſt, and make a much 
better Uſe of Wiſdom. The Afiſtotelians and Corpuſcu- 
lifts, are always ready to pull one another's Eyes out, 
about the Plenum and the Vacuum, Matter and Form, the 
Principles of Bodies and the laſt Term of their Decom- 
poſitions; and all this to no manner of Purpoſe. They 
quarrel about the beſt Method of ordering Matter; as if 
the Queſtion was, to create the World or to govern it. 
It is already made, and goes on in its Courſe without 
them. The whole Sum of their Learning does then amount 
to the Art of filling the Schools with Diſputes, from which 
we reap no Benefit. Chemiſts go much more directly to 
their Point, and argue thus: According to Ariſtotle, Epi- 
curus, Gaſſendus, and Deſcartes, Gold and Sand are but one 
and the ſame Matter: The great Deſcartes, by wearing 
out the Angles of his Cubes, ſaw the Sun, the Gold, and 
the Light itſelf, ſpring out of their Duſt ; Let us ſtir 2 
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the Sand: Let us bruiſe the Corners and Angles of it, by 
the Force of Fire and repeated Frictions: Let us rob it 
of that accidental Form which makes it Sand ; and by 
giving it a certain Turn and a happy Form, let us at laſt 
bring it to be Gold. What Riches, what Helps this Me- 
tamorphoſis will be to Mankind, if we can but once come 
at it ! 

If all Syſtematical Philoſophers think rightly on the Ar- 
ticle of primitive Matter, about which they agree ; Che- 
miſts think ſtill better in reducing all theſe Speculations 
into Practice, and in endeavouring to bring that Matter to 
the happy Degree, which will make them fetch Gold and 
Immortality out of it. 

But by a Misfortune, fatal to the Glory of Philoſophers, 
Chemiſts not only die, but even live not ſo long as other 
People. Moſt of them dry themſelves up among Fur- 
naces, and in peſtilential Exhalations : But they all infal- 
libly ruin their Fortunes. The Unprofitableneſs of their 
Attempts is a Demonſtration of the Falſity of the Prin- 
ciple which they borrow'd from the Philoſophers, and diſ- 
ſuades us from entering into a tireſome Examination of all 
theſe imaginary Phyſics. Life is too ſhort, and we have 
too many Duties to diſcharge, to loſe our Time about ſuch 
frivolous Studies. ä 

To be fully ſenſible of the great Miſtake of Philo- 
ſophers, it will be ſufficient to know that they frame 
the World of an unforn®d Matter, which at firſt was 
neither Water, nor Fire, nor Metal, nor Earth, nor an 
thing that we now ſee, and which afterwards by Motion 
becomes whatever we do ſee. Conſtant Experience ſhews 
them if they are but willing to open their Eyes, that in 
order to procure the unfolding and growing of the tranſ- 
itory Species, which maintain the Scene of the World 
throughout all its Ages, Gop has prepared a Multitude 
of ſimple and uncompound Natures, which never ſprung 
out of a primitive Matter different from themſelves : 
That theſe Natures have no other immediate Cauſe of 
their Formation than Gop himſelf: That they never 
paſs'd from a firſt State into a ſecond : That they are as 
variable as he himſelf is, who gave them their Being: 

hat no Motion could ever alter or change them, or 
convert them into other Natures ; or, in ſhort, —_— 
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them into any thing but what they are. They are equal. 
ly indeſtructible and ingenerable ; and fince the mot vi. 
olent Motion now-a-days is not capable of producin 
any thing in them; they are not indebted for their ſpe. 
cial Nature to any Turn or Diſpoſition communicated to 
them by Motion. Of this you will judge from a few In. 
ſtances. Take ſome refined Gold, and put it in the briſk. 
eſt Fire, it will remain melted and in a State of Fuſion 
for whole Months together, A violent Fire, which, ac. 
cording to the Carigſians, is only a violent Motion, ſhould 
indeed, on this Occaſion as well as in the Beginning of the 
World, cauſe ſome ſmail Novelty or other in that Matter, 
It is certainly eaſier to deſtroy than to form. Why then 
cannot Motion, which fetch'd Gold from the primitive 
Matter, by its ſeveral Degrees and Variations, deſtroy that 


Gold in the Crucible, or convert it into ſome new Be- 
ing, or at leaſt reſolve it into a ſmall Parcel of primitive 


Matter? How can Philoſophers be ſo blind as not to fee 
that they miſtake the methodical Notions according to 
which every Thing is order'd in the Schools, for Reali- 
ties ſubſiſting in Nature, while they exiſt only in their 
own Brains ? They firft think of Matter in general ; then 
of determinate and ſpecial Matters: But muſt that oblige 
them to believe, that there is or ever was a primitive Mat- 
ter ? It is admirable indeed, to look for the Analyſis of 
Gold, and to reſolve it into its Principles, in order to bring 
It at laſt to primitive Matter. They had as good analyſe 
Flowers in the chemical Furnace, in hopes of finding, in 
the laſt Decompoſition, a general Flower at the Bottom of 
the Recipient. 

In like manner put on a violent Fire, Sand, Mud, 
Mercury, or any Metal you pleaſe. The Sand ſhall be- 
come Glaſs, by the Coherency it contracts in the Fire, 
and aiter having been whole Years together in the Glals- 
maker's Pot, it ſhall ſtill be, and for ever remain, Glaſs. 
The Mud ſhall fall either into Lime or Aſhes, and after 
the Diſunion ſhall never be any thing but Aſhes and dead 
Earth. The Mercury mixed with Sulphur and all the 
Dregs imaginable, ſhall become Cinoper, or aſſume ſome 
other Form. It may have diſappear'd, but has never been 
deſtroy'd or chang'd. It is conſtantly intire under thele 


new Forms, and always the ſame; and the Fire 11 3 
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turn it to you ſuch- as it was at firſt, It is the ſame 
thing with Metals. - Torture them ; give them whatever 
Motion or Alteration you may think poſſible by Fire. 
Aqua-fortis, or any other Diſſolutions. They have not 
chang'd their Nature; not even a fingle Inſtant. If you 
put a Sheet of Iron in Aqua-fortis which has already diſ- 
ſolved a certain Quantity of Silver, it cannot ſupport the 
Particles of both Metals at once: It returns you the Sil- 
ver intirely, which ſinks to the Bottom of the Veſſel, and 
which you by Miſtake thought to have been transform'd 
into Liquor. It was only hid there, by rolling on the 
Globules of the Liquor, and by the Diviſion of the me- 
talline Particles. But theſe Particles are in little what 
they are in a Maſs, The Minium or red Lead, with 
which they colour the Wafers for ſealing Letters, is made 
of Lead. The Metal is no longer ſeen : One would be 
apt to think it deſtroy'u, or to have been converted into 
another Nature. It is only more divided there ; but its 
Particles never change ; and if you offer ſuch a Wafer to 
a burning Wax-candle, receiving the Aſhes of it on a 
Paper; you will there ſee all the Particles of the Lead 
put in Fuſion, collected into ſmall Streams, and form- 
ing, as they grow cold, ſeveral ſhining Branches, eaſy to 
be diſcern'd, even without a Microſcope. 'The Gold 
and Metals, which are extracted from the Matters where 
nothing metalline appears, are not form'd there. They 
are only found in thoſe Matters, and we extract them 
from thoſe - Places whither they had been carried and di- 
ſperſed before. Hence the Gold found along the Rivers 
and in Sands: Hence the Particles of Iron, which adhere 
to the Knife touch'd with the Load-ſtone, with which you 
rake up the Aſhes of Plants, or the Aſhes of the Fleſh 
and Intrails of Animals. 'Thoſe metalline, ſaline, earthy, 
ſandy, aqueous, fiery, and mercurial Particles, and ſeveral 
others equally ſimple, are toſs'd about here and there, 
form Maſſes, appear under many very different Dreſſes, 
hide, and then ſhew themſelves again. But the Gold, 
the Iron, the Earth, the Water, the Sand, the Fire, the 
Mercury, in ſhort, all ſimple and uncompounded Matters, 
are conſtantly the ſame both in little and large. Theſe 
Natures are each of them its own reſpective primordial 
Matter: And as the molt violent and moſt varied Motion 
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of x ſtrait Line, inceſſantly endeavours to recede from the 
(entre. Whence it happens, that when the Parts of the 
Vortex meet with Bodies that have no centrifugal Force, 
or that have it in a leſs Degree, theſe are forced toward 
he Centre; ſo that the Precipitation of heavy Bodies to- 
ards the Centre, is only the Action of more active Bo- 
lies having a Tendency to avoid it. 

Sir Jſaac firſt thinks, as well as Mr. Deſcartes from whom 
he had learned it, that any Body will continue in its State 
{Repoſe or of Motion, till ſome new Force takes it, or 
zuſes it to deviate from that State. 

Sir Jaac, in the ſecond Place, thinks he has obſerved 
kroughout all Nature (and this is the diſtinctive Point of 
bis Syitem) that all Bodies are attracted towards each other, 
In Proportion to their Diſtance, and reſpective Maſſes : 

hat they tend towards, and gravitate or weigh upon each 
ther. That the Sun tends towards the Earth, and the 
Earth towards the Sun; but that the latter being incom- 
parably bigger, the Approach of the Earth only towards 
he Sun is perceived: That likewiſe the Earth tends to- 
yards the Stone which was ſeparated from it by Projection, 
e Stone reciprocally tends towards the Earth: Or ra- 
ber, that the Stone attracts the Earth towards itſelf, as 
tle Earth attracts the Stone; but that the Earth having, 
n Account of its Bulk or Maſs, an attractive Power infi- 
Litely greater than that of a ſmall Stone, it thence happens, 
nat the Earth quits not its Place, and it is the Stone that 
omes towards it, or is drag'd away, by the attractive 
ower which the Earth exerts on it. 

This mutual Action, which Sir aac thinks he perceives 
between one Body and another throughout all Nature, he 
als Attraction, and propoſes it as an Effect which is found 
ul over the Univerſe, without being able to aſſign any 
mer Cauſe for it but the Will of Gop, who appointed it 
) regulate the Univerſe. Therefore the Earth now mov- 
„bond the Sun (were it only moved, not attracted to- 
eas it) would recede infinitely from it. The Moon, did 
„bey without any Obſtacle the Law of the Motion which 
aries it away, would avoid and ſhun the Earth, and at 
bait diſappear. Likewiſe, if the Earth did only obey the 
of Attraction, that is, the Law whereby the Sun at- 
as the Earth to itſelf, it would draw near and precipi- 
of tately 
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tately ruſh upon the Sun. The Moon, being merely at. 
trated, would fall upon the Earth. But if the Earth, be. 
ing moved and thrown far from the Sun, is at the ſame 
time attracted by it ; inſtead of receding from it in a {traight 
Line, that Line will be curved by the Attraction which 
brings it again towards the Sun. Being always influenced 


houſ: 
laſt e: 
goes | 
onch 
lies, | 


ould 


by two Powers, one of which draws it from and the other Mund: 
attracts it towards the Sun, it deſcribes round the latter a Woo fro 
curve Line, which Sir {aac demonſtrates to be neceſſarily precip 
elliptic, or ſomething oval. The Moon likewiſe, yielding he St 
to the Force which makes it fly off from the Earth, and N thence 
at the ſame time to the Power which attracts it towards Mr 6% 


the Globe, circulates round the Earth. The centrifugal 
and the centripetal Force are mutually curb'd by each 
other; and the Moon, inſtead of being hurried away from 
us by the firſt Power, or precipitated to our Earth by the 
ſecond, is, by the Impreſſion of both at once, retain'd 
within its Orbit. 

Sir Jaac examines afterwards, what ſhould be the Mea. Witate 
ſure of the Motion of the Moon beginning to fall on the e aſc 
Earth from the Top of its Orbit, after having loſt its cen- Wſimagi: 
trifugal Force, and having, as it were, been given over to he ad: 
the whole attractive Force which the Earth exerts upon it. WMlearne: 
The Diſtance of the Moon from the Earth is known: We With t 
know likewiſe the Time of its Revolution: We therefore Wffciple v 
may know, what is the Portion of that Orbit for one fin- WMmocre ! 
gle Minute. Geometry informs us, what Space the Moon Wiithe Ne 
would go through in a ſtraight Line, falling towards the Earth Wſdemo!! 
by Virtue of that Force which makes it paſs over that the Fa 
Arch or Segment of its Orbit. Having afterwards proved, ierciſed 
that Attraction diminiſhes in Proportion as the Square * of Wand w. 
the Diſtance Increaſes ; Sir Jaac Newton, by his Calcula-Wthem b 
tions, finds that the Moon, falling from the Place where r. D 
it now is, would firſt go through fifteen Foot in one Mi-WWnoſt p 
nute ; and that near the Earth it would, by virtue of then by 
ſame Law, in one Minute go through a Space of three al the 


a A Square is any Number multiplied by itſelf, If the Interval from Tha 
the Earth to the Moon be divided into three Strata's ; the Stratum I, thoush 
has for its Square 1. The Stratum 2, has for its Square 4; and the Stra- alf f 
tum 3, has for its Square 9. The Attraction, which diminiſhes in Pro- 
portion as the Square of the Diſtance increaſes, ſhall then act as 9 in the 
firſt Stratum, as 4 in the ſecond, and as 1 in the third. | 

I thouſand 
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houſand and fix hundred times fifteen Feet. Having at 
i examined the Spaces which a Maſs of Wood or Stone 
es through near the Earth, when let fall upon it; he 
-oncludes, from what Experience ſhews of the Fall of Bo- 
lies, that a Stone in the Neighbourhood of our Globe 
ould in one Minute go through a Space of three thou- 
land and fix hundred times fifteen Feet. The Moon, let 
bo from its Orbit, would then obey the ſame Law which 
precipitates the Stone. By a neceſſary Conſequence, if 
the Stone was Carried as far as the Orbit of the Moon, and 
thence let fall on the Earth, it would go through a Space 
of fifteen Feet there. Attraction is then the {ame thing as 
Weight. 

Me. Privat de Molieres, a Member of the Academy of 
ciences, has in his phyſical Inſtructions preſerved the 
Grounds of Sir //aac's Obſervations. He admits of all 
the Proofs which ſhew that the ſame Cauſe, which makes 
Stone to gravitate on the Earth, makes the Earth pra- 
vitate upon the Sun, and the Moon upon the Earth. But 
he aſcribes that Effect to a Cauſe very different from that 
imagined by Sir Jaac. The French Philoſopher, while 
e admires the Exactneſs of the geometrical Syſtem of the 
learned Eng/i/oman, at the ſame time thinks it inconſiſtent 
with the whole Plan of Nature. He is ſhock'd by a Prin- 
ciple which makes our World a Whole, whoſe Parts are 
more looſe and incoherent than thoſe of a Skeleton. All 


u de Notions we have of Mechanics, ſeem'd to him quite 
u cemolith'd by his ideal Attraction; which, according to 
tc Favourers of the Engliſb Geometry, is reciprocally ex- 
erciſed among Bodies ſeparated by an immenſe Vacuum, 
ed which makes them revolve in nothing, without uniting 
* 


them by any intermediate Bond. Mr. De Molières reſumes 


eur. De/cartes's Vortex, whoſe Exiſtence appears to him al- 
- not palpable in Nature. He mends that whole Syſtem, 
1c end by concluding, from the very Structure of the Vortex, 
ee el the Effects perceived by Sir //aac, he in a manner re- 
; Onciles the two antagoniſt Schools. | 

) 


That Vortex is no longer compoſed, as Mr. Deſcartes 
„ ouoght it, of hard and inflexible Balls; but of many 
o- WT mall Vortices, whoſe Particles inceſſantly incline to re- 
eWecce from their own Centre; while the whole tends to- 
ads receding from the common Centre. A maſſy Bo- 
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dy like the Moon or the Earth, thrown into that Vor 
tex, muſt needs be preſently moved by it, and carried a. 
way in the Direction of the whole Vortex. But the 
Parts of that heavy Maſs being ſtrictly united, and at 
Repoſe one by another, of themſelves make no manner 
of Efforts to move, and have no other Motion than 
the Impulſion which the whole Body of the Planet re. 
ceives from the Vortex in which it ſwims ; Whereas the 
Balls of the Vortex have a double Motion, and make a 
double Effort. They all tend towards receding from 
their common Centre, ſo ſoon as they are moved and 
forced by the ambient Vortices to move in a circular 
Line. Beſides, all the Particles of theſe Balls do in lit- 
tle round their own Centre, what the Balls themſelves 
do in general round their common Centre. From this 
double Tendency there reſults a double Force, which 
draws them from the Centre more powerfully than the 
Motion imprinted on the Planet draws it from the Cen- 
ter of the Sphere. The Planet when thrown into the 
Vortex, has indeed therein received a centrifugal Force, 
by receiving a circular Motion, But its Parts being in 
Repoſe, it has a leſs centrifugal Force than the Vortex, 
in which this Force 1s double, both from the Motion 
of the minute Vortices which fly from the common 
Centre, and by the Particles of the minute Vortices which 
at the ſame fly from their own Centre. This Exceſs of 
centrifugal Force in the Matter of the Vortex, over and a- 
bove the centrifugal Force of the Planet muſt needs prevail. 
The Planet having a leſs Tendency towards receding 
from the Centre, than the Matter which puſh'd it that 
way, it will thence happen that the Earth will by De- 
grees draw near the Sun, and the Moon fall on the 
Earth. In ſhort, Mr. De Melieres employs but one fin- 
ole Action, or one ſame Cauſe, to form the centrifugal 
Force of the Vortex, and to make the Planets and all mal- 
ſy Bodies gravitate towards one and the ſame Centre; 
whereas Sir Jaac adds to the Motion imprinted on all 
theſe Bodies, another Power or Law, which he calls At- 
traction, and which inclines them all towards drawing 
near each other more or leſs ſwiftly, in Proportion to 
their Maſſes or Diſtances, while there is no need at all of 
this ſecond Power, ard it is impoſſible to conceive it. 


3 Mr. 
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Mr. De Molieres, after having by his ingenious Expla- 
nation of Gravity, help'd us to coneeive the twofold cen- 
trifugal Force of the V ortices, and the re- approaching of 
maſly Bodies towards the Centre, as a ſimple Effect of 
that Force, ſtill leaves us in the Expectation of what 
he will introduce, to ſuſtain the Planets in their Orbit, and 
to hinder them from falling to that Centre. But it is eaſy 
to foreſee, that in the Leſſons which he is now preparing 
for us, he will make uſe of many different Vortices, or 
at leaſt ſeveral Atmoſpheres thrown round the Planets, to 
make them roll one upon another without falling ; like 
alls of different Matters, which preſs and flatten one 
naother a little in rolling over each other, while the Centres, 
which tend towards one another by the Impulſion of the 
ambient Vortices, are however unable to draw near each 
other. 


This Explanation of Mr. De Moheres, when applied, 


not to create the World, but to conceive the Motions 
and Preſervation thereof, is the more acceptable, be- 
cauſe it may alſo be of Uſe in the particular Explica- 
tion of a Multitude of Phænomena, and of particular 
Caſes. Such are, for Inſtance, the Flux and Reflux 
of the Sea by the Preſſure of the Sphere of the Moon 
on that of the Earth; the Diſordering of the Satellites 
of Jupiter, by the Preſſure of the Sphere of Saturn on 
Tupiter's ; the Attractions and Repulſions of electric Bo- 
dies, by the ſmall Atmoſpheres, which they acquire or 
loſe, as they are touch'd one way or another; the che- 
mical Diſſolutions and Fermentations, by the Diverſity 
of the Forces of the ſmall Vortices which compoſe the 
Liquors, and which can never appear at Reſt, but when 
they have put themſelves in Equilibrio after a long Agi- 
tation, occaſioned by the inequality of the Efforts. 
I ſhall take care here not to enter up- : 
on a particular Account of the Syſtems bo. — 
imagined on Gravity by Meſf. Hugens © E 
Bulfinger, Bernowilly, and many others. This is only a 
Ingle Point of the Mechanics of the Univerſe. Aſk the 
Explication of it from fifty Naturaliſts, they all will 
think they have given you a Scheme of Phyſics, the 
more valuable in proportion as they ſhall uſe more Cal- 
culations and Geometry in them. But the Diſtance be- 
Vol, IV. Q tween 
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tween Arithmetic, and Geometry, and Phyſics is eſten 


very great. All theſe indefatigable Calculiſts, and even 
often ſetting out from the ſame Point, will lead you tg 
very different Sums, to very different Mechaniſms, and 
to as many Syſtems as there are Heads. What will 
then happen, when from this Point we would paſs on to 
the Explication of the Mechaniſm, and intimate Structure 
of the other Parts of the Univerſe ? Entering into theſe 
Syſtematical Opinions, would be quitting the Spe&4acle 
ae la Nature, and loſing Sight of the certain Uſe we 
may make of it; in which our true Phyſics conſiſt. An. 
other Reaſon, which ought to make us entertain a Jea- 
louſy of Syſtems, is, that though they {ſhould appear 
ever ſo grand at firſt Sight, the Applications we make of 
them to particular Effects, moſt commonly proves ab- 
ortive, and ridiculous. For Inſtance make uſe of the 
Syſtem of Attraction to explain the Phænomenon of the 
Load-ſtone, where, it ſeems, it ſhould be of very great 
Uſe; or to explain EleQricity, or to account for what 
they call Fermentation ; you will find that the Principle 
will fail you every where, and give you intelligence of 
nothing. One is ſoon obliged to vary the Attractions 
as well as the Effects. Here you have an Attraction, 
which operates in the whole Depth of the Maſs ; there 
you have another Attraction, which operates only through 
the ſlighteſt Surface of Bodies. There is a certain At 
traction which is conſtantly the ſame, whether the Bo- 
dies be thick or thin, while another Attraction varies ac- 
cording to their Bulk, or Thickneſs. The Attractioniſts 
were chiefly in love with that which they ſaw, or fan- 
cied they ſaw, in electric Bodies. It could not be mil- 
taken; and it operated exactly as in the Planets, diminiſli- 
ing round about as the Diſtance increaſed. . By Mi- 
fortune, an experimental Philoſopher came and over- 
threw all this ideal Building; — by faſtening a ſmall 
wooden Ball at the Extremity of a Cord eleven or twelre 
hundred Feet long, he has found, that if we ſhould pre- 
ſent an electrical Tube to the Middle, or even the Be. 
ginning of that long Cord, the ſmall Particles of Gold 
placed at the other Extremity under the wooden Bal, 
would apply themſelves and as quickly faſten to it, 45 


if the Electricity had acted at a Foot diſtance ou = 
Ude. 


Of Syſtematic PHYS ICS. 339 


Tube. One of our moſt learned Newtonians ® has made a 


thouſand Experiments upon the Load-ſtone ; and after in- 


finite Cautions and Calculations, he frankly owns, that 
Attraction fail'd him when he wanted it, and that he could 
underſtand nothing in it. 

I ſhall, my dear Chevalier, here conclude this Hiſtory 
of my Syſtematical Phyſics, as there is no neceſſity for 
the preſent of my giving you a more extenſive Account 
of it. It will always be time enough to reſume theſe ſub- 
lime, and but little neceſſary Speculations. It would even 
be dangerous at your Age, and perhaps at any other, to 
prepoſſeſs you with any particular Syſtem ; to which you 
infallibly would, either willingly, or whether you would 
or not, make every Phenomenon to refer: Which is an 
infinite Diſadvantage to the Progreſs of true Phyſics ; ei- 
ther becauſe you never get out of the Circle of ſome cer- 
tain Generalities, or becauſe you ſee every Thing mere- 
ly according to your own Prejudices. This then brings 
you back again to experimental Phyſics. It is indeed 
the only Philoſophy that ever was of any Uſe to Man- 
kind ; and I have already ſhew'd you, that theſe Benefits 
were without Number. But could you ever, in purſuing 
the Study of Phyſics, follow a wiſer or more judicious 
Method than that which Meſſ. de Academie de Sciences 
always follow'd in teaching it us ? They never approved 
in a Body of any general Syſtem. They are convinced, 
that if Man can any way be allow'd to arrive at the 
intimate Knowledge of Nature, he cannot obtain it other- 
wiſe than by a long Series of Experiments and Facts for 
many years together; and that if, on the contrary, that 
perfe& Knowledge of Nature 1s for ever interdicted to our 


preſent State and Condition, at leaſt the Experiments and 


the Knowledge of Particulars will not fail, as we daily ex- 
perience, to procure many real Services to Mankind. This 
infinitely judicious Principle, which has been a ſtandin 

Rule to them, and the Nature of the ſeveral Functions 
which theſe learned Men have divided among themſelves, 
are exactly and equally grounded on our Wants and the 
Meaſure of our Capacity. Nay, more; Experimental 


4 Mr, Muſcbenbroek, | | 
Q 2 Phyſics, 
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Phyſics, to which they procured a vaſt Credit, is the only 
uſeful Syſtem, becauſe it is the only one agreeable to our 
Condition, which we may, without any Riſk, call the $y{. 
tem of Providence. | 

An Experience of fix thouſand Years is fully ſufficient to 
inform us of what is either acceſſible, or interdicted to us, 
So long as Man, in his Reſearches, has buſied himſelf 
about what is ſubmitted to his Government, his Efforts 
were always rewarded with new Diſcoveries : but whilſt 
he preſumed to dive into the intimate Structure of the ſe- 
veral Parts of the Univerſe, which he was not appointed 
to put in Motion, his Ideas were never any thing but an 
odd Medley of Fancies and Uncertainties. If he ſtudies 
the Meaſures of Quantities and the Laws of Motions, not 
indeed to fathom the Heavens, or to weigh in a Ballance 
the Maſſes of the celeſtial Bodies, but to know the Order 
of his Days: If he obſerves the Relations which the AC. 
pects of the Heaven have with regard to his Habitation, 
and the Progreſs of the Light through the Mediums he 
offers thereto ; the Helps which he may find from the 
Equilibrium of Liquors, or from the Weight and Celerity 
of the Bodies he is Maiter of, or from all the other Ex- 
periments that fall under the Eye, and eſpecially under 
his Hand ; in ſhort, if he applies Experiments to the Ne- 
ceſſaries of Life, this will be a Syſtem of Phyſics full of 
Certainty, and productive of great Advantages. It is then 
theſe Subjets which I hope to make the Matter of the 
Converſations I ſhall hereafter prepare for you. But un- 
dertaking to determine what it is that regulates the Moti- 
on of the Univerſe, and to penetrate into the general and 
particular Structure of the Pieces of which it is compoſed, 
is renouncing the Glory of improving and making our 
Dominion proſper, to run after empty Hopes : It is aban- 
doning Treaſures which lie open to us, and obſtinately 
knocking at a Door which has been for theſe ſix thouſand 
Years ſhut to us. 

It is no conjectural Opinion, but a palpable and ex- 
perimental Truth, that Gop gave us a very great Fa- 
cility of conceiving all thoſe Things which we are t0 
manage; and has, on the contrary, conceal'd from us 


the Knowledge of thoſe Things which he himſelf puts 
in 
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in Motion, without truſting the Government of them to 
our Care. Thus, for Inſtance, we know not the Struct- 
ure of our Stomach, becauſe Gop has freed us from 
the Care of digetting. Let the greateſt of Anatomiſts do 
his utmoſt to have the Management of his own Dige- 
ſtion ; all goes very often contrary to his Intentions. On 
the other Hand, we have in our Senſes ſo many attentive 
and faithful Monitors, that inform us in due time what 
Foods may be uſeful to us. Why then have we ſo many 
Means of knowing our Foods, unleſs we are charged with 
the Care of looking out for, and of chuſing them ? And 
why, on the contrary, are we ignorant how we digeſt, if 
not becauſe Gop's Will has evideatly been, that the Di- 
geſtion ſhould be perform'd within us without our Parti- 
cipation ? Gop, by ſparing us that Trouble, ſpared us al- 
ſo the Knowledge of the Mechaniſm, which conſtructs the 
ſeveral kinds of Fleſh or Fruit we eat; and of the Mecha- 
niſm, which extracts from them all the Juices which nou- 
riſh us. This Knowledge would have been only fit to 
give us great Diſtraction. We arrive at the Age of Four- 
icore without knowing what Digeſtion, or the Mechaniſm 
or Motion of the Muſcles are. We are ſerved without 
any requiſite Care of our own. Had we known the par- 
ticular Structure of the Stomach, we ſhould have deſired 
to regulate the Functions of it. Gop did not grant to 
Man this Knowledge, becauſe he made him not merely 
to digeſt. Digeſtion is brought about without him, and 
Gop deſigns him for other Employments. If he denies 
him the Knowledge of the Mechaniſm of his Stomach, for 
fear of multiplying his Cares, is it to be ſuppoſed that he 
will grant him the Knowledge of the Structure of the 
World, the Motions of which he did not appoint him te 
regulate ? 

I don't know whether our modern Philoſophers have 
rightly enter'd into the Plan of the Creator, when they 
ſet a leſs Value on the Knowledge which our Senſes pro- 
cure for us, than on that which they think they derive 
from a profound Meditation. A ſingle Inſtance will ex- 
Plain what I mean. 

The rough Sailor knows nothing of the Loadſtone but 
what his Senſes teſtify of it. He knows the conſtant Di- 
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rection of it towards the North; and there ends all hi; 
Learning. The Philoſopher endeavours to know the Cauſe 
of that Phænomenon: In order to which he employ; 
the Pores in a ſpiral Line, the Attractions and Repu. 
Bons; and after he has for ſeveral Years together em. 
ploy'd his Mechanics, Geometry, and Calculations about 
It, he either is forced to own that he himſelf underſtands 
nothing of what he ſays, or has the Mortification of not 
being able to make others come into his Syſtem. The 
Syſtematical Philoſopher, who thinks himſelf ignorant of 
every thing he knows not the Cauſe of, ſpends his whole 
Life in hunting after probable Reaſons, and remains lock. 
ed up in a Cloſet, where he is of no Uſe to the reſt of 
Mankind. 'The Sailor makes Uſe of what his Senſes teach 
him of the Direction of the Load-ſtone towards the North, 
and with that Help goes rovad the World. Chuſe, if you 
will, ten thouſand other Inſtances of effectual Knowledge, 
and you will find, that there are very few that are not of 
Uleto us. They cannot increaſe without our becoming rich- 
er, But do we look for the Cauſes of theſe Effects? We 
find nothing but Unprofitableneſs and Uncertainty. Who, 
after this, cannot diſcern the Intention of Gop, in the 
Meaſure of Knowledge, which he for the preſent grants to 
our Underſtanding ? 

It is a palpable Truth, that our whole Knowledge is 
only concerning particular Things. The Subjects of it 
are diſperſed around us, on the Earth, and in the Hea- 


'vens. Gop, —_ with Eyes and Underſtanding, has 


endow'd us with a Meaſure of Curioſity, , which makes 
us wander from one Object to another, that new Ex- 
periments may enable us to procure our Brethren new 
Conveniencies, and that whatever is upon the Earth 
may by degrees be render'd beneficial to Mankind. But 
if Man can on Foot go from Breft to Pekin, it does 
not follow that he will ever reach to the Moon ; and 
though he has in his Hands ſuch a Principle of Strength, 
as enables him to ſuſtain in the Air whole Piles of 
Oak-timber, and the largeſt rough Pieces of Marble, 
he will not offer his Levers to the Moon to make it 
jump out of its Orbit, or grapple Jupiter with his 


Hooks, in order to rob him of one of his * 
} 
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His Knowledge is limited as well as his Strength, and 
theſe Bounds and his Wants are but one and the 
ſame thing. He is barr'd every where, when he ruſh- 
es into empty Speculations: But he conſtantly goes 
from one Diſcovery to another, and theſe Diſcoveries | 
produce Wonders, when he buſies himſelf about im- 
proving what 1s round him. Our Reaſon always employs 
itſelf with Succeſs, when it ſtrives to render experimental 
Truth ufeful to us: When it prudently makes uſe of 
Gop's Favours, and praiſes him for it. This is the whole 
Sum of Man's Knowledge, 
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AN 
EXPLICATION 
1 
Motion of the PLANETS, 
K 


CoPERNICAN HyYPOTHESIs. 


HERE are fix Planets of the firſt Claſs, which 

turn immediately round the Sun, wiz. Mercur), 
which makes his Revolution in three Months; Venus, 
which makes her's in ſeven Months and a half, or there- 
abouts; the Earth, which, as it is much more remote, 
deſcribes her Orbit in 365 Days and a Quarter; then ſyc- 
ceſſively, and at ſtill greater Diſtances, Mars; which per- 
fects his Revolution in 686 Days; Jupiter in 4333, that 
is, in about twelve Years ; and Saturn in 10759 Days, or 
in about 30 Years. There are five Planets of the ſecond 
Order, or which have a large Planet for the Centre of 
their Revolution, and are inſeparable from it; ſuch is 
the Moon with the Earth for her Centre: Such are alſo 
the four Stars of Medicis (now the four Satellites) which 
turn at different Diſtances round Jupiter. Since Galileo 
Time five ſmall Moons have alſo been perceived revolving 
round Saturn; which make in all ten ſecondary Planets. 
If we were placed in the San, that is, in the fix'd Centre 
of the Revolution of the ſix greater Planets, we ſhould 
ſee them revolve round us in an uniform Manner, and 
advancing from Weſt to Eaſt according to the Succeſſion 


of the Signs. We ſhould ſee them always in their F on 
tha 
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that is, always turning their inlighten'd Half towards us. 
But as we ſee them from our Earth, which has a Courſe 
peculiar to itſelf, while they have others of their own, 
there thence reſults a great Variety of Effects and Situa- 
tions, which introduce. Inequalities, and the Appearances 
of Oddneſs in a Motion perfectly ſimple and uniform. 
Beſides, the Earth being more remote from the Sun than 
Venus and Mercury are, and at the ſame time much leſs 
diſtant from the Sun than Mars, Jupiter, and Saturn 
this Diverſity of Remoteneſs ſtill cauſes ſuch Appearances 
as are not the ſame in the ſuperior, as in the inferior Pla- 
nets. Mars, Jupiter, and Saturn, are call'd the Saperior, 
becauſe their Orbits are above ours, and incloſe it. Mercury 
and Venus are call'd the Inferior, becauſe the great Circle 
of the annual Revolution of the Earth, incloſes the Circle 
of the Revolution of Venus, and the Orbit of Venus takes 


in the Circle of the Revolution of Mercury, which 1s the 
Planet neareſt the Sun. 


The apparent Motions of VENUs and MeRCuRy, 


H E Circles, which Mercury and Ve- 3 

nus deſcribe in going from Weſt to e r 
Eaſt, are not in the Plane of the Ecliptic, or of the Line 
which the Earth deſcribes in revolving in one Vear round 
the Sun. But the Circles of Mercury and Venus cut the 
terreſtrial. Orbit in two oppoſite Points, call'd Nodes, like 
Hoops ſet into one another, and one of which croſſes and, 
touches the other in two Points only. The Orbit of 
Mercury makes an Angle of about ſeven Degrees with the 
terreſtrial Orbit; and that of Venus makes on each Side an, 
Angle of three Degrees and 24 Minutes with the ſame 
Plane. If we ſhould ſee Mercury and Venus from the Sun, 
they would either be in the Line which paſſes through the 
Nodes and the Sun (in which Caſe they would be ſeen in; 
the Plane of the Ecliptic, in which the one might be eclipſ- 
ed by the other) or they would. be ſcen.out of the Line of 
the Node, that is, ſometimes more, ſometimes leſs ele- 
vated on that Plane. None of the Planets, whether pri- 
mary or ſecondary, in its greateſt Elevation. above: that 
Plane, deviates from it more than ten Degrees. If there- 
fore we take in the Heavens a Diſtance of nine or ten De- 


grees on each Side the Ecliptic, we ſhall have a Breadth of 
— 
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18 or 20 Degrees to incloſe all the Declinations of the 
Planets. This is that large Band which we call the 27. 
diac And the ſeveral Deviations and Re-approaching« of 
the Planets, with regard to the Plane of the Ecliptic, ale 
the only Variations that would be perceived in their Mo— 
tions obſerved from the Globe of the Sun. But it is quite 
otherwiſe ſeen from the Earth. Let us remark what the 
Appearances of the two inferior Planets will there be. 

1. Mercury and Venus muſt appear in the Plane of the 
terreſtrial Orbit, when they are in the Node; and theſe 
two Planets afterwards muſt recede from the Plane of the 
Ecliptic, as they dev:ate from the Nodes. But the Di- 
ſtance from theſe Planets to the Plane of the Ecliptic, even 
when they are in the ſame Part of their Circle, muſt needs 
appear ſometimes greater, ſometimes leſs, according as the 
Earth is near to, or remote from them, For it is a Law 
in Optics ſufficiently known, that the more remote the Eye 
is from the Obje& perceived, the ſmaller the Angle is 
which the ſaid Object ſeems to make with a Plane, or with 
another Object; and on the contrary, the nearer the Eye 
w the greater 1s the Angle under which it ſees the Ob- 
ject. 

2. Mercury and Venus, ſeen from the Earth, do not ap- 
pear equally inlighten'd. They are ſeen with a Creſcent 
ſometimes increaſing, ſometimes decreaſing. They are 
ſeen with one whole Half ſloped off, or under the Form 
of a Quarter; ſometimes full, and at laſt totally darken'd 
or eclipſed. . 

When Mercury and Venus, receding from 

II the Earth as 3 they can, get behind the 
Sun, and to it, as well as to us, oppoſe 

their whole inlighten'd Half, that Situation is not call'd 
Oppoſition. This Term is reſerved to expreſs the Situa- 
tion of the Superior Planets, when the Earth is juſt be- 
tween them and the Sun. But this Paſſage of the two in- 
ferior Planets behind the Sun, is call'd their ſuperior Con- 
junction. It is call'd Conjunction, becauſe theſe Planets 
ſeem then, to draw near the Sun, and to loſe themſelves in 


- His Rays. It is call'd the Superior Conjunction, becauſe 


the Approach is made on the other Side of the Sun, and 
in order to diſtinguiſh it from that which is made under 
the Sun, when the Planet, in revolving round the Star, 


places 
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places itſelf between the Sun and the Earth. The ſecond 
Reunion is call'd the inferior Conjunction. The Planet in 
the ſuperior Conjuction is not indeed eclipſed, but drown'd 
by the ſuperior Splendor of the Sun; and when it comes 
near the Line of the Nedes, it may in reality be eclipſed, 
by actually palling behind the Body of the Sun. The 
Planet in the inferior Conjunction ſeems again eclipſed, 
bec.ufſe it is loſt in the Rays of the Sun, and becauſe it 
turns its whole dark Half towards us. But inſtead of be- 
ing really eclipſed by the Interpoſitions of ſome ſolid Body, 
itlelf eclipſes that Point of the Sun over-againſt which we 
may perceive it by the Help of the Teleſcope. It forms 
a Spot, which proceeds from the Eaſtern to the Weſtern: 
Limb of the Sun. The Planet afterwards leaves it, in 
order to repaſs behind it, following the Succeſſion of the 
Signs from Welt to Eaſt, A few Days before the ſuperior 
Conjanction, and ſome Days after, Mercury and Venus turn 
towards the Earth nearly their whole inlighten'd Half: 
They muſt of courſe be ſeen in their Full. But as they 
are then much more remote from the Earth than in the 
Approach of their inferior Conjunction, ſince they are 
withdrawn from it by the greateſt Part of their Orbit, 
they, notwithſtanding their being at full, muſt needs ap- 
pear leſs brilliant, and more and more diminiſd by the 
Netynbourhood of the Sun. 

A few Days before the inferior Conjunction, and ſome 
Days after, they turn almoſt tueir whole darken'd Half 
towards the Earth. We therefore perceive but a very 
ſmall Edge of the enlighten'd Half, and the Creſcent mutt 
needs appear very dim, unleſs it begins to recede pretty 
much irom the Sun, as it draws the Quarter: And it is then 
that \/-reury may be ſeen plainly, and that Venus caſts a far 
' more brilliant Light than the Splendor of the Full Moon. 
Venus is never brighter than when it is, not indeed in its 
Quadrature, that is, at go Degrees from its inferior Con- 
junction, but at 40 Degrees and little more. The Reaſon 
of this Difference is, that Venus at go Degrees from her 
Conjunction ſeems to be nearer the Sun, and is thereby 
more weaken'd than at 40 Degrees and ſomething more. 
For Venus, as well as any other Planet, is perceived in the 
Point of the Heaven that terminates the Line which is 
ſuppoſed to paſs from the Earth through the Planet up to 
Q 6 
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the ſtarry Heaven. Now the Line, which paſſes through 
Venus at the Diſtance of 40 Degrees and a little more from 
the Sun, terminates at a Point of the Heaven, which ap- 
pears more diſtant from the Sun, than the Point where the 
Line, drawn from the Letter T, to Venus in the Quadra- 
ture of his Revolution, or at go Degrees from her Con- 
junction, does terminate. For any Line, that touches the 
Circle without cutting it, deviates more from the Extre- 
mity of the Line that croſſes the Centre, than any other 
Line that cuts the Circle. Now the Line drawn from the 
Earth to Venus, being at 40 Degrees from her Conjunction, 
touches the Circle of the Revolution ; whereas the Line 
drawn from the Earth to Venus in her Quadrature, or at go 
Degrees, cuts and ſlopes away the Circle. The Extremity of 
that-Line does then begin to draw again near the Extremity 
of that which paſſes through the Centre, that is, near that 
Point of the Heaven where the Sun is ſeen. Venus, when the 
is between 40 and 48 Degrees diſtant from the Sun, muſt 
be more brilliant or leſs drown'd than at 90; and as ſhe 
leaves not the Circle of her Revolution, the Degree 40 is 
at the ſame time the Place where it ſhines moſt, and that 
at which ſhe begins to be in her greateſt Remotene!s from 
the Sun. It is the ſame with Mercury at zo Degrees from 
the ir ferior Conjunction. For a little after theſe Points, 
they both begin to draw near the Sun again, in Appear- 
ance I mean, and only with regard to the Point of the 
Heaven under which we ſee the Sun; fince they, 1n rea- 
lity, always keep in an uniform Situation with regard to 
that Star; unleſs they, inſtead of a circular, deſcribe an 
oval Line round it; which, however, alters nothing in our 
Explication, and is not the Object we muſt here employ 
our Thoughts upon. 

When Mercury and Venus have paſs'd the ſuperior Con- 
junction, they from the Earth are ſeen advancing accord- 
ing to the Order of the Signs; that is, from Weſt o 
Eaſt. It muſt therefore thence happen, that our Hort- 
zon, turning with the Earth from Weſt to Ealt, meets 
with the Sun ſooner than with theſe two Planets. They 
in this Caſe, therefore, will riſe only after the Sun, and 
will not be ſeen the Morning, becauſe the Light of the 
Sun will drown them. But they will appear 1n the Even- 

2 See the Figure 1, ſubjoined. 
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ing after Sun-ſet, becauſe the Sun being then hidden below 
the Horizon, they at that Time may be ſufficiently remote 
from him to be ſeen towards the Weſt. Therefore Mer- 
cury and Venus will be ſeen in the Evening only from the 
ſuperior Conjunction to the Approach of the inferior. 
Then it is that Venus is call'd Heſperus, Veſper, or the Even- 
ing Star. Her Brightneſs increaſes together with her Re- 
moteneſs from the Sun, and afterwards decreaſes in pro- 
portion as ſhe draws near him again. It is the ſame with 
Mercury, which can hardly be perceived but at its greateſt 
Diſtance from the Sun, which 1s 30 Degrees- 

When Mercury and Venus are near the inferior Conjuncti- 
on, their Brightneſs diminiſhes. In the inferior as well as in 
the ſuperior, they ſet and riſe with the Sun, which drowns 
them for ſeveral Days together. When paſs'd the inferior 
Conjunction, they will recede from the Sun by a Motion 
which will appear quite contrary to that by which they have 
been ſeen receding from the Sun in the ſuperior Conjunction. 
They at that 'Time went according to the Succeſſion of the 
Signs. Going down between the Sun and the Earth, and 
then receding from the Sun, they ſeem to go contrary to 
that Order, viz. from Eaſt to Weſt. By this means becom- 
ing more Weſtward, with regard to us, than the Sun, to 
the Right of which they at that Time are; our Horizon, 
by turning with the Earth from Weſt to Eaſt, ſhall meet 
with them ſooner than with the Sun. We therefore ſhall 
ſce them rifing in the Morning before Dawn, and their Ele- 
vation above our Horizon will appear greater in proportion 
before the riſing of the Sun, as they ſhall be more diſtant 
from that Star. Then Venus goes by the Name of Lucifer, 
or the Morning Star. Mercury and Venus will afterwards a- 
gain draw near the Sun in the ſuperior Conjunction. 

A Figure will preſently make us ſenſible why Mercury 
and Venus, though revolving in an uniform manner round 
their Orbit, yet appear to us ſometimes direct, or going ac- 
cording to the Succeſſion of the Signs, ſometimes ſlationaty, 
or remaining awhile in the ſame Points of the Heaven ; and 
ſometimes retrograde, or going contrary to the Order of the 
Signs. What we are going to ſay of Mercury, is a ſufficient 
Hint of what happens alſo to Venus. 

Let the great Circle A, B, be the terreſtrial Orbit, and 
the ſmall Circle 1, 13, be the Orbit of Mercury, which may 
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5 be ſuppoſed to be pretty near concentric 
TheirDire@tions, ar the Point, 8, char marks out the Sun 
Stations, and weedoo; 
Retrogradations. l m Mercury to the Sun is 

two fifths of that of the Earth from the 
Sun. The Radius of the ſmall Circle 1, 13, being to the 
Radius of the terreſtrial Orbit A, B, as 2 is to 5; we have 
the juſt Repreſentation of the Orbits of Mercury and the 
Earth. On the other hand, it is known that Mercury 
makes his Revolution in about three Months, and the Earth 
in twelve. Therefore the periodical Time of Mercury is 
only the fourth Part of the annual Revolution of the 
Earth. | 
Let us ſuppoſe Mercury to be in the Point of his Revo- 
lution, mark'd 1, and the Earth in the Point B; it is plain 
that in this Situation Mercury, with regard to the Earth, 
is in its ſuperior Conjunction; and if Mercury could then 
be perceived for the great Light of the Sun, we ſhould ſee 
this Planet in the Point of the ſtarry Heaven mark'd A, 
it being the Point to which the Obſerver muſt refer it. If 
on the terreſtrial Orbit you take the Ark B, 8 8, viz. the 
half-quarter or eighth Part of the Whole, it is evident that 
Mercury, which deſcribes its intire Orbit while the Earth 
deſcribes but one quarter Part of her own, will go no far- 
ther than from 1 to 13, or only make half its Revolution, 
whilſt the Earth ſhall go from B, to SS, or make one 
half-quarter of her Revolution, Let us divide the Ark B, 
8 8, into 12 equal Portions, and the Semicircle 1, 13, 
likewiſe into 12 equal Portions. Mercury will make one 
twelfth of its half Revolution, whilſt the Earth will make 
one twelfth of the half quarter of her own. Whilſt the 
Earth is going from B to O, we ſhall ſee Mercury paſſing 
from 1 to 2, and the Eye of the Spectator will ſup poſe the 
Planet to go from the Point A of the ſtarry Heaven, to 
the Point C. Then paſling from O to P, the Earth will 
ſee the Planet Mercury arrive at 3, and will refer it to the 
Point of the Heaven D, and ſo on. 'The Planet in this 
Caſe will be direct, becauſe it will appear to do what it in 
reality does, wiz. to go according to the Order of the 
Signs A, C, D, Oc. 
When the Earth ſhall deſcribe the Ark K, S 8, Mercury 
going on his Part from the Point 11, to the Points 12 and 
13, will appear to make only the Ark E F, whereas 4 
2 the 
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the Planet was in A, it had in equal Time deſcribed the 
Ark A, D, much larger than E F. Of courſe its Motion 
muſt then needs appear much ſlower. It is from K to SS, 
that it appears in its greateſt Remoteneſs from the Sun, 
and the Lines drawn from the Earth to the Planet cut the 
leaſt of any upon the Circle of the Revolutions of the 
Earth. 

Whilſt the Earth deſcribes the Ark 8 8, N, T, which is 
equal to two Portions of another half Quarter of her Or- 
bir, and while Mercury deſcribes the Ark 13, 14, 15, which 
is two Portions of its other Halt, this Planet will be ſeen _ 
with the parallel Rays SSF, NE, T G. Now it is a 
Rule in Optics, that when a very remote Object is ſeen by 
ſeveral Radii parallel among themſelves, it ſeems to be at 
reſt, though it be really in Motion ; and it is referr'd to 
2 Point of the Heaven where it ſeems to be motionleſs ; 
becauſe thoſe parallel Radii, under which it appears at ſe- 
veral Times, though very diſtant from each other, are re- 
lative to two different Points of the Heaven, which on ac- 
count of their amazing and prodigious Remoteneſs, with 
regard to us, are confounded into a ſingle one. The 
Planet muſt in this Caſe then appear motionleſs or ſtati- 
onary. 

By this we ſee, that the Planet Mercury has had a direct 
Motion from A to E or F, and that the Time of his be- 
ing dire& has been much longer than that in which he was 
ſtationary. When afterwards the Earth ſhall deſcribe the 
Ark T, V, X, or four Portions of her Half-quarter, and 
Mercury the Ark 15, 19, or four Portions of this Half, 
this Planet will ſucceſſively be ſeen in the Points G, H, I. 
Now this Motion is contrary to the foregoing Direction. 
It will then appear * and going contrary to the 
Order of the Signs, or from Eaſt to Weſt. Being at the 
Point I, its Swiftneſs will diminiſh, and being again ſeen 
according to the Lines X I, Y M, which are parallel among 
themſelyes, the Eye will refer it to the ſame Point of the 
Heaven, the Interval of theſe two Lines vaniſhing, ſo that 
they ſeem to touch one another. Mercury will then a ſe- 
cond Time appear ſtationary, The Earth afterwards go- 
ing from Y to Z, the Planet which ſhall then be in the 
Points 23 and 24, will in the ſtarry Heaven correſpond 
with the Point L, and again will begin to appear direR. 


It 
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It is likewiſe plain, that the Ark of Retrogradation GI, 
or F M, is leſs than the Ark of Direction AG or AF, and 
on the contrary, that the Ark of Retrogradation is greater 
than that of the Station F G, or I, M. 


The Motions and Apearances of the ſuperior PLANETs, 
HOU GH the Superior Planets, like the 


Fig. 3. inferior, advance with a dire& and uni- 

form Motion in their own Orbit, yet they 
as well as the inferior, have ſeveral Appearances of Irre- 
gularity, grounded on the Concurrence of the Motion 
and Situations of the Earth with the Aſpects of theſe Pla- 
netz. The Inſtance of what is obſerved in iter will ſuf— 
ficiently illuſtrate the Inequality of the Aſpects of the other 
two. 

The Diſtances of Jupiter and the Earth with regard to 
the Sun, are between themſelves as 26 is to 5; that is, if 
we conceive the Earth to be diſtant from the Sun 5 Mea- 
ſures, each of them of a certain Number of Leagues, the 
Diſtance of Jupiter from the Sun ſhall be 26 of the like 
Meaſures. If therefore you deſcribe Circumferences with 
ſuch Radii as may, when compared together, be between 
themſelves as 26 is to 5, theſe Circumferences will repre- 
ſent thoſe, which the Earth, and Jupiter deſcribe round 
the San. The Earth is a Year in completing her Orbit. 
Tupiter completes his in 12 Years. The twenty-fourth 
Part of a Circle is the Half of one twelfth Part: If then 
we take the Ark TV, being the 24th Part of the Orbit of 
Jupiter, this Planet ſhall deſcribe the Ark T V, the Half 
of the twelfth Part of the Whole, whilſt the Earth ſhall de- 
ſcribe AB, D, G, the Half of her intire Orbit. Let us di- 
vide the Ark T V, and the Semicircle A B, D, G, into the 
ſame Number of Parts reſpectively equal; for Inſtance, in- 
to 6; we ſhall be ſure that Jupiter will deſeribe one ſixth 
Part of the Portion T V, while the Earth deſcribes 
one ſixth Part of the Ark A B, D, G. By this means we 
ſhall have the principal Places where the Earth and Jupiter 
ſhall meet together. Let us ſuppoſe the Earth to be in A, 
and Jupiter in Conjunction behind the Sun S in T: If Ja- 
piter can at that Time be ſeen, we ſhall refer it to the 


Point Mof the ſtarry Heaven correſponding with it. While 


the 
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the Earth ſhall deſcribe the Arks A, B, C, D, Jupiter ſhall 
deſcribe 1, 2, 3, 4, and the Eye will ſucceſhvely perceive 
him in the Points M, N, O, P, of the ftarry Heaven. The 
Diſtance is greater from M to N, than that from N to O, 
and the Ark N O is greater than the Ark O P. Therefore, 
though Jupiter has an equal Motion in his Orbit, we ſee 
him move with a Celerity which inſenſibly diminiſhes, 
The Earth going from the Point D to the Point E, Jupi- 
ter will go from 4 to 5, and will appear to proceed from 
P to X, a Portion of Circle (till leſs than was the foregoing. 
Its Swiftneſs will then appear to diminiſh more and more. 
The Earth afterwards will deſcribe the Ark E F, and Ju- 
titer 5, 6: But the Lines E5 X and F R, according to 
which the Earth ſees Jupiter, are parallel; therefore the 
Eye will refer them to the ſame Place of the Firmament, 
and the Planet will appear motionleſs and ſtationary. If 
afterwards the Earth deſcribe the Arks FG HI. Jupiter 
will at the ſame time deſcribe the three Arks 6, 7, 7,8,8,9. 
But, as the Line 19 Q, according to which the Earth ſees 
Jupiter, cuts the Parallels E X, F R; the Point Q, to which 
the Eye refers Jupier in the ſtarry Heaven, will be on the 
Right Hand of the Points R, X, where Jupiter was ſeen 
during his being ſtationary, The Planet will then appear 
more Weſtward and retrograde. The Earth ſhall afterwards 
go from I to K, and Jupiter from g to 10, which will pro- 
duce parallel Lines, and a ſecond time make Jupiter ſtatio- 
nary. Finally, the Earth paſſing from K to L, will ſee Ju- 
piter going from 10 to 11, and anſwering to the Point S of 
the ſtarry Heaven, ſo that the Planet ſhall ſeem to advance 
from Weſt to Eaſt, and again ſhall become direct. If we 
know in the ſame manner the periodical Times of Mars and 
Saturn, we may, by the Rule of Kepler, determine the Di- 
ſtances of them, and then with equal Facility expreſs their 
Situation. But theſe Variations are altogether inconceivable 


in any other Hypotheſis than that of Copernicus. 
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EXPLANATIONI 
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Of a Few i 

b 
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FIGURE s. 
5 

E 

Ci 

6 Frontiſpiece repreſents Gali/zo making on the i 

Tower of St. Mark, and in Preſence of ſeveral Je- In 

netian Noblemen, a Trial of the Teleſcopes he had con- L 

ſtructed upon the Recital of the Effects of the Spying- Ic 

glaſs newly invented in Holland. See I Theatro d Huomi- U 

ni letterati. Art. of Gal. and Dialogue VL. of Part ii of this i 

Fol. ; | fl 

R 

E 

PAGE zi. L 

/ 

The CREPUSCULE, or Twilight. d 

8 

The inner Circle repreſents the Globe of the Earth. The P 

outward repreſents the thicker Air, or the lower Region of n 

the Atmoſphere, which incompaſſes the Earth immediately. te 

The Space contain'd between the two Circles may be b 

call'd the Atmoſphere, which probably is the inferior Part w 

of a Vortex of Ether, or of very fluid and very exteniive 67 

Matter, in which the Earth is carried away, The Vortex. {« 


of the Moon revolves towards the Extremities of ours, and 
both, very likely, are preſs'd ſometimes more, ſometimes 
leſs, by the Spheres of the neighbouring: Planets. It _ 
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Explanation of a few Figures. 955 


be ſufficient for the underſtanding the reſt of the Figure, to 
obſerve, that when the Light enters from a clearer Element, 
ſuch as the Ether or the pure Air, into a denſe and groſs 
Element, as is the groſſer Air, it bends and enters into it, 
inclining a ſmall matter towards the perpendicular Line, [1 
which may be imagined from the Surface of the Fluid to 
the Centre. A H repreſents the Horizon with regard to 
the Eye placed in A. 
8, the Sun at one Degree under the Horizon; S, C, a 'F 
Ray meeting the Atmoſphere at the Point C, and which, in 
entering it, 15 bent and deviates from its direct Way, draw- | 
ing nearer the Perpendicular C T, ſo that the Ray being 
broken, is, by this bending, confounded with the Horizon- ; 
tal Line H A, and cauſes the Sun to appear to be already 
above the Horizon, though it is as yet under it. | | 
| 


SS, the Sun 18 Degrees under the Horizon. The Ray SS, 
E, falls upon the Atmoſphere at the Point E, and inſtead of 
continuing its Way directly towards e, it is bent, and enters 
into the thicker Air a ſmall matter. 'This Ray, after hav- 
ing bent at E, goes directly to C, where the Horizontal - JF 
Line cuts the Atmoſphere. There the Ray E C is partly 
loſt in the Heaven, partly reflected upon the Bottom of the 
Atmoſphere, and faintly brought again towards the Eye 1 
in A, The reflected Ray C A making the Angle of Re- 1 
flexion B C A, equal to the Angle of Incidence ECF, this il! 
Ray muſt needs be the laſt that 1s viſible, fince it grazes the | 
Earth, and another Ray, proceeding from the Sun above 18 1 
Degrees under the Horizon, muſt needs be reflected above 1 
A, and be loſt by the Eye placed in A. The Ray 8 SECA, 
does then mark the End of the Crepuſcule. 

888, the Sun more than 18 Degrees under the Horizon, | 
SSS, L, a Ray that goes and meets the Atmoſphere at the 1 
Point L. It is partly admitted therein; the reſt is reflect- 
ed and loſt in the Heaven. The ſmall Part of it, which en- 
ters the thicker Air at L, inſtead of going directly to /, is 
bent a ſmall matter, grazes the Earth in J and goes to E, 
where it is partly loſt in the Heaven, and partly reflected 
rem E to DC; where it becomes totally inſen{ible after 
ſo many Diminutions, and eſpecially cannot reach the Eye 
in A, ſince the Angle of Reflexion DE F, being equal to 
the Angle of Incidence LE M, brings the remaining Part 
ot the Ray to C, and not to A. The Light of the Cre“ 

| puſcule 
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— is then inviſible, when the Sun is more than 18 
egrees under the Horizon; and this Point is the End, 28 
well as the Beginning of the Crepuſcle. 

Here we have made the Angles a great deal larger than 
they ſhould be, to render the Effect of them much more 
ſenſible in a ſmall Space. For, to reduce them to their exa& 
Meaſure, we ought to have put the Semi-diameter A T for. 
ty times larger than AB the Height of the Atmoſphere, 
which would have render'd the Figure too large in Proper. 
tion to the Size of this Volume. 


PAGES 191, and 192, 


The two Semi-planiſpheres, intitled, the firft and ſecond 

| Half o the Northern celeſtial Hemiſphere, Pag. 191, and 192, 

| reprefent together, as in a concave Vault, the Conſtellations 

if diſperſed in that Part of the Heaven round the Arctic Pole 

| to the Æquator. Being divided, they burthen the Book 

| much leſs, and may equally help us to follow the Order of 

| the Stars. The other two Halves, Pag. 193, and 194, re- 

preſent the Conſtellations of the other Hemiſphere from the 

££quator to the Southern Pole, which is the Centre of it. 

So ſoon as we are ſure of knowing one ſingle Conſtellation, 

or even a ſingle Star, as for Inſtance, the Polar, which is 

very near the Arctic Pole, in a fine Night we may, by com- 

paring the neighbouring Stars that are in the Planiſpheres 

| with thoſe we perceive in the Heaven, by degrees diſtinguiſh 

| the latter, and call the principal of them by their Names. 

As to the Origin of theſe Names and Figures, ſee the firſt 

Vol. of the Hiſtory of the Heavens. The Planiſpheres we 
here give are drawn after thoſe of Dr. Halley, F. R. S. 
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A CADEMY of Sciences, (Rule obſerv'd by the) Page 320, 1 
» 
Academies, (the Origin and Benefit of ) 1 | 
AFftien, (the perpetual) of God upon us, $1, 93, 99, Sc. 
Adinis and Venus, (the Origin of ) 189 
Africa, (whole) anciently known, 193, 200, 201 | 
—— (the Circuit of) forgotten in the Time of Ptolemy, 216 11 
Air, how it feeds the Fire, 130, 160 | 
— its Preſſure, 308 | 
Albuquerque, (the Conqueſt of ) 267 1 
flchemiſis, (their Principles) 328 1 
argue better than Philoſophers, ibid. 41 
Alembick, how Water is condenſed in it, 155 1 
Alexander, (the Conſequence of the Conqueſts of) 207, 208 
Alexandria, (the School of) 208 
Alphonſo, King of Cafizle, an Aſtronomer, 253 
5 blames the Syſtem of Prolemy, 281 
Auerica found out, 261 | 
—— its Diſtribution among the European Nations, 261, 262, 263 4 
The Origin of its Name, 26 14 
Americus Veſpucius, his Cheats, bid 1 
Anmon, how deified, 188 0 
Andes or Cordilleras in America, 122 — 14 
Auinali, (ſacred) 189 
Antilles, (great and ſmall) 263 | 
Arabians, (their Method of Philoſophy) 249 1 
he Ridiculouſneſs of this Method, ibid. | | 
Arabians, (Services render' d by them) 253 qi 
Archangel, (Commodities of ) 266 I! 
Archimedes, 218 4 
Arzon»uts, (Fable of the) M1 19 1 
Ari/tctle, (the World of) 32 
Aſtrology, (the Falſity of) 231 
Aronomy, the moſt antient of Sciences, 171 
Its Progreſſes, a 176, 177 
0 Atmyſthere, an excellent Proof of Providence which had Man in View, 
35» 36, 53, Se. 
—— the Cauſe of Heat and of Splendor, 33 


Atems, (the Syſtem of) 325» 326 
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Augurs, (the Origin and Vanity , Page 79 
Avguf, (the Originof the Name of the Month of — 
Aurora, 40 
of Poets, ibid. 

—— (the true Beauties of) 47 
———— is the Proclamation of Working, 43. 44 
Azores found, 260 
Azure of the Heaven, 3% 

B. 
Be (the Deſign of the Tower of) 172 
Bacon, (the Inventions and Faults of Reger) 252 
Bander- Abaſſy, a Sea-Port ſubſtituted to Ormus, 263 
Barometer, (the Structure of) 310 
Barometer, (why) ſinks at the Approach of Rain, 311 
Bath, (the Wholſomneſs of) 150 
Beaſts, (wild) why they retire at Break of Day, 21 
Black, (the Light abſorbed by) 78, 107, 168 
Betica, (the Voyage to) ; 196 
Botanics, (the Uſefulneſs of) 319 
Bourbon, (the advantageous Poſt of the Iſland) 270 
Braſil, the Share of the Portugueſe, 264, 268 
Breath, why vifible in cold Weather, and at all Times vpon Marble, 
Turky Leather, Ec. — 154, I55 
Brimftone does not cool Wine, 151 
Bubbles of Soap, why change their Colour 107, 108 
C. 

Abi ners, (Virtuoſo's) how uſeful they have been to Phyſics 272 
Cabinet, (the Model of a Virtuoſos) 273, 274 
Ceſar, (Julius) an Aſtronomer, 212 
Cairo, (the antient Commerce of) 259 
Calito, (the Origin of the Fable of) 193 
Camera obſcura, (the Uſes of the) 116 
Canada, 265 
Cape of Good Hope, found, 261 
Cape-Verde, 260 
Caves and Cellars warmer in Winter and colder in Summer-time, 1:0 
Cayenna, (La) 264 
Chariot, or the Urſa major, 193 
Charles, ſurnamed the Wiſe, favours Sciences, 2537 254 
Charybdis and Scylla, I05 
Chil, (the Gold of ) 264 
China, (the Commodities of ) 267 
Cinnamon Tree, T3 
Cirier, (the Tree call'd) ibid. 
Chud, round a Glaſs full of cool Liquor, 151 
Cloves, now in the Iſland Ainboina alone, 268 
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C:als, little fit to cool Wine, 

(Cacao of Carracos, 

Colonies, { Phenician) 

(mn, 

— NYman, 

— Spaniſh, 

m——— Portugueſe, 

— En, 

French, 

— Datcb, 

Coleurs, 

(the Deſign and different Uſes of) 
in Man, 

nn the Light, 

— — Experiments upon, 

— in colour'd Bodies, 

Columbus, (the Project of Chriſtopher) 
— His uſeful Miſtake, 

— His Succeſſes, 

Commerce of the Europeans, (the Hiſtory of the) 
Company, (the Progreſs of the French) 
C:ripajs, (the Sea) 

Compaſs, (the Invention of the Sea) 
— Diſpute about the Inventor of it, 
—— Jt; Declination and Inclination, 
— The Cauſe of its Direction, 


Page 151 
164 


258 


Complaints, (extravagant) on the Remoteneſs of God with regard to us, 
81, 92, 93, tor 


Conceiving, with Evidence in order to believe, a falſe Rule, 


Canes of Light, 
Cengelation of Liquors operated by Salt, 


94 


151 


Conſhellations of the Zodiac, (the Partition and Denomination of) 178 & ſeg, 


Crolneſs, whence the Symptoms proceed, 
Copernicus, (the Hiſtory of) 

his Hypotheſis explain'd, 
— his Prediction accompliſhed, 


— — with Providence, 
— with the Scripture, 
Cctemandel, (the Commodities of) 

Corruption, engenders nothing, 

Cortes, {the Conqueſts of Fernando) 

Crepuſcle, 

—— cauſed by Refraction, 

—— and by Reflection, 

Crepuſeles, (the Diſpenſation of) 

Con, (radiating) encompaſſing the luminous Bodies, 
Csfoms, (the Origin of Univerſal) 

Cybele and Atys, (the Origin of the Fable of) 
Cylinders, why placed on the Borders of the Eye-lids, 
Ouaſure, (the Diſcovery and Uſefulneſs of) 


his Hypothefis agrees with Experience molt of any, 


151 


283, & ſeg, 


284 


302, 303 
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D. 
D Y S, (the Cauſe of their Inequality) Page 2; 
Demecritus, (Juſtice done) 2 
Des Cartes (the World of) 327 
r | 46, 47 
Dieppe, (Diſcoveries of the Inhabitants of) 260 
—— their Ivory- Works, | ibid, 
Diſputes, (the Danger of) 249 
Dsfts of Flowers organized, as well as the Flowers themſelves, . 315 
Dutch in Aſia, | 263 

| . B. 
EAR 'T H, (the Knowledge of) the Aim of whole Phyſics, 7, $ 
Earth, (the Roundneſs of) | 206 


(the Motion of) occaſions the Celeſtial Phænomena, 28, 
(the Motion of) ſeems to be Matter of Fact, 299, 300 


Eclip/e of the Sun, 21, 24 
| Eclipſe of the Moon, | 24 
ll Eclipſes, (the Uſe of) I 205 
[ Edom, (the Sea of) 197 
| Eggs, how to be preſerved freſh, 324 
| Elements, (the wonderful Harmony and Concutrence of ) 141 
Ember- weeks, (the Origin of the four) 173 
England, (the Solidity of its Nobility) 320 
Eolipile, (the Effect of) | I59 
Epicurus, (the Syſtem of) 325 
Equilibrium, of the Fire and the Light, 127, 128 
if Eguinoxes, (the Preceſſion of) 229 
[8 Equi vocals, the Origin of many Fables, 194 
A Eratofthenes meaſures the Earth, 298 
| Eftabliſhment much to be wiſhed in large Cities, 273, 274 ( 
1 Eudoxus s Ephemerides, 213 
| Europe, contiguous to North America, 271 G 
l Europeans, (the Diſcoveries of the) 260 G 
Experiments, (Model of a Courſe of phyſical) 273, 274 G 
Eye, (Deſcription of) | 80 G 
| — artificial, 82 G 
1 Zye-lidt, (the Artifice of) 89 G 
F G 
q N G 
ABLES, (the Origin of) 138 G 
Fables, why full of Things relating to the Heavens, of hiſtorical Facts, 0 
and of abſurd Notions, | 13g G 
- Feafis, why regulated by the Phaſes of the Moon, | 172 C 
| Oy King of Caſtile, approves of the Project of Chriftopber Colum- G 
us, 262 
Fermentationt, (cold) 144 | g 
Fire, 119 
— (the Place of it) ibid. 
— very near the Earth, 121 1 
— is an Element different from the Light, 121, 122 
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Fire without Light, and ice verſa, 

Fire reſides in the inſerior Air, 

Fire, the Uſes of, 

— in Conjunction with the Air, 

— — the Water, 
— —_—_ Salt, 

— by S moke, 

— lodged in the Oil, 

— the Wonderfulnef of this Precaution, 
Fire, the Theory of the Nature of, 

— is a real Body, 

—— (lates Metals, 

— an Experiment on this Subject, 

Fire or Heat, how confined ; how they get looſe, 
Fire is a Fluid, 

Fire, the Subtraction of, condenſes the Water, 
Fire, the Elaſticity of, 


157 
— how this Elaſticit. becomes terrible by the Obſtacle of the other 


Fluids, ibid. 
Fire, a Dictionary of the Terms relative to it, 161 
Frefs, the Inconveniences of, 247 
Flame, | % : 162 
Flowers, Providence demonſtrated by the, 317, & ſeg. 


Fluids, the Nature of, 
Frederic II. encourages Aſt:onomy, 


253 
French, the in Africa, 260 
America, 1 265 
- Aſia, 268 
G. 


(GAliler, applies the Teleſcope to Aſtronomy, ſee the r and 
Page 277, S | 
Gelileo and Torrice!. tur the Fathers of modern Phyſice, 30 


4 
Galileo finds out the Progreſs of the Acceleration of heavy Bodies, 30 5 
Cana arrives at Ca/icut, 


267 
Gauls, the Study of, 210 
Caſſendus, the World of, 327 
Gaſſendus confirms the Experiment of Pythear, '210 
Gegraphy, the Progreſs of, 191, 205, 258 
Globes, the invention of, a 218 
G:ow-worm, 19 
Gromonics, or Dialling, 114 
- 0 D, the ſenſible Action and Preſence of, 94, 100 
Crge, a Pigeon's, how changes its Colgur, 107 
Graces, magnificent Group of the three, 79 
| Grecian Colonies, 207 
Greeks, Services done to Mankind by the, ibid. 
H. | 
HAY, how heated, | 159 
Hans-Towns, 259 
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Heathens, 
Heathens, why reſembled the Hebrews in many reſpects, 
Heavenly Hoſt, the Origin of, 
Heaven, the Uſefulneſs of the Study of, 
* the Method that has been followed in this Study, 
- the true Aim of this Study, 
is the Book of the People, 
the perpetual Predication of the, 
the Aſpects of the, 
Hebrews, in what like the Heathens, 
Voyage of the, to Ophir and to Tarſhiſp, 
Heights known by the Shadow, 
#i1gh Places, the Antiquity and Uſe of, 
Hipparchus, | 
Hiram, the Pilots of, 
Huſbandman, the Philoſophy of the, 
Hypotheſis of Ptolemy and Copernicus, 


| ; 
| AC K turning by the Help of Smoke, 136 
Idolatry, the Origin of, 186 
| Tenerance of the Bottom of Nature, what good for, 258 
it Indies, Weſt, found, 263 
1 Indies, Eaſt, or true Indies, found by the European, 267 
Irdies, Commodities of the Ea, 259, 267, & a, 
Ingravixg, common, and Mezzotinto, 113 
Inventors, why forgotten, 266 
Jobn II, King of Portugal, rejects the Project of Columbus, 262 
— He blames the Advice given him of killing the Admiral, after 
his Succeſs to the Advantage of Spain, 26; 
Tris, the wonderful Effect of the Muſcles of the, 84 
2 186, 188 
July, the Origin of the Name of, 213 
K, 
Noruledge, acquired by the Help of our Senſes, how much to be 
valued, 341 
ö L, 
| LA Kings, the Protectors of Sciences, 208 
Latitude and Longitude, 216 
Light, made for the Eye, and the Eye for the Light, 8o 
— colours, lights, and warms, | 58 
—— the Nature of, ; 59 
— is a Fluid ſpread all over the Univerſe, 100d. 
—— the Exiſtence of the Body of, is independent from the Sun, ibid. 
— the Ways of, 72 
— reflected by porous Maſſes, . 
— and more ſtill by fie Maſſes; but never by the Vacuum, ibid. 
— bent or refracted in the ſeveral Mediums, ibid. 


5 INDEX 


Light without Heat, or ſeparable from theHeat, Page 122, @ ſe, 
— ho, burns at the Focus, 12 
— the Mot.ons of, are Warnings of what paſſes about Man, 127 
—— of longer ſtanding under the Poles than any where elſe, 233 
of the Moon without any Heat, 


I 
Liquors, the cooling of, 146, 7, 8, . 
—— — cold, why neceſſary, 149, 151 

when dangerous, ibid, 

—— the Suſpenſion and Poiſing of, 308 

L:ad-/i5ne, the Properties of the, 254 

Logic, artificial, of no Ule, 249 

Lowjiane, or Florida, 266 
M. 

Adeira, the Iſland, found, 260 

Malabar, the Commodities of the Coaſt of, 269 


Man, the Dignity of. | 5 
— reſpected by the wild Beaſts, 44 
— che Action of God upon, always ſenſible, 81, 94, 100 
— freed from many Diſcuſſions, 97 
— the Knowledge of, 329 
— the Conduct of God with regard to, 340, 341 
— knows the Outſide and Relations, not the Bottom of Things, 
| ibid. 
— the Centre of the Relations of this World, even in the Syſtem 
of the Plurality of Worlds, 
Manica, the Gold-duſt of the Mountains, 
Marrnetta (Ja) 6 25 5 
Maryn of Thyr, the Maps of, 216 
Marſeill.s encourages Sciences early, 
Marfham confuted, 
Mathematics, the Progreſs of, 
Matter, primitive, never exiſted, : 
Meaſures taken in little, as well as in great Things, for the Service c 
Man, 


110 
—— of the Earth by Eratoſthenes, 209 
Mediterranean, the Circuit of the antient, 196 

the Circuit of the modern, 358 
Meridian Line upon a Horizontal and a Vertical Plane, 115 
Metals dilated by Fire, 145 
Metamerphoſis, the Origin of, 188 
Metempſychoſis, the Origin of the, 189 
Mexico conquered by Cortes, 264 


Microſcope, the Invention of the, 
its Effects and Conſequences, zbid 
Maul, the Commodities of the, 
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Milieres, the Syſtem of Mr, Privat De, 325 
Mon, the Changings of the Place of the, 20 
—— the proper Motion of the 22 
—— the Phaſes of the, 33 
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Meſes's Recital, Univerſal Monuments teſtifying the Truth of, 174 


Motion, what exactly is, 

Muller, ſurnamed Royaumont, Aſtronomer, 
Maſcles of the Eye, 

—— of the Iris, 


N. 


NAxigation emboldened by the Obſervation of the Polar Star, 705 


Navigators, the Timidity of the ancient, 
Necao, Enterprizes of, 
Neomeniæ, why inſtituted, 
Newton, Idea of the Syſtem of Sir Iſaac, 
Night, the, 
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— Connexion of Repoſe with it, 
—— Uſefulneſs of the gradual Progreſs of it, 
— the Quietneſs of it, 
— the Coolneſs of it, 
— the Spectacle of it, 
Nightly Flambeaux, 
Nermans, the Diſcoveries of the, 
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OP/erver, Deſcription of a good, 


Oil, a Conjecture upon, 

Oil, Providence proved from the reſiding of Fire in it, 
Oiſere, the Wholſomnels of freſh, 
Opacity, the Cauſes of, 

bir, or Sophara, 
Orbits of the Sun and Moon, why they croſs one another, 
Oreſine, 
Organization cannot be the Work of an uniform Motion, 
Orance Fine, his Maps, his Pendulum, 


Oſiris, or the Symbol of the Sun, deified, 
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PEARLS, the fiſhing of, 
Pencils of Light, 
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Phaſes of the Moon, the Utility of the, 


Pbænicians, the Navigation of the, 
Pbiloſephers argue not ſo well on the Deſtination of the 


Earth, as the common People do, 


thid, 
200, 201 
173 


333 


10 


83 
264 
172 
190 


Heaven and 


Ol 


Phoſphar 45 


kf ß,, Be 


— es . . . 1 


bg ay 


1 Fre yy 1 1 3 — 


wy — x > == ty. fro s 


INDEX. 


Phoſphorus, | 
Phyſics, long confined within the Compaſs of Workmen, 


—— uſeful to Commerce, 
— —— aſſiſted and improved by Commerce, 
the Hiſtory of Experimental, 


Academies, 
—— a ſure Means to improve and perfect it, 
Pico of Teyde in the Iſland of Teneriffe, its Coldneſs, 
Pigeon, the Gorge of, 
Planets, the Motions of, 
Plants, Model of a Garden of uſeful, 
Pole, Stars next to the, 
Poles, Light more laſting towards the, 
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Polybius writes Memoirs about the Coaſts of the Mediterranean Sea, 


Pompey encourages Aſtronomy, 


212 
ibid. 


Ponticheri, a City in the Eaſ-Indies, belonging to the French, now 


very wealthy, 
Portugueſe, Diſcoveties of the, 
drive out the Venetian: in Aſa, 
——— — and are themſelves expell'd thence by the Dutch, 
Pofidonius, Aſtronomer, 
Potgſi, Mines of, 
Powder, fulminating, 
Prediction of Copernicus fulfilled, 
of Galileo fulfilled, 
Preſſure or weight of the Air found out by Torricellius, 


Prophecies of cur Saviour very intellegible in the Copernican Syſtem, 


Providence, an affecting Proof of, 

Ptolemy, the Syſtem and Works of, 

——— his Maps, why uncorrect, 

——— how they were the occaſion of an uſeful Enterprize, 
Ptolemies, Aſtronomy encouraged by the, 

Pui- de dome, Experiments made on the, 

Pump, the Air, 

Purbach, 

Pytheas, Obſervations of, 
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AS, efficacious and inefficacious, 
Rays, Multitude of, falling upon one and the ſame Eye, 
Reaſon, its Deſign, 
Reaſ;n, wonderfulneſs Agreeableneſs of our Senſes with, 
Reaumur, the Encomium of Mr. De, 
15 «(ion of the Light upon maſſy and fluid Bodies, 
fractions, : 
Refrangibility of the Rays varies according to the Colours, 
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Ri vers, 
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Rivers, American, why ſo large, 


; | Page 264 
Romans, State of Phylic among the, 


Reundieſs of the Earth, : 6 
S, 
Acrifices on high Places, 173, & ſo, 
. Sacroboſco, 273 
Salt, the Bond of Fire, 137, 132 
— cools and congeals Liquors, 150, & ſq 
Scholaſtic, the Origin of, 2 1 8 
——— Philoſophy, the Emptineſs of, ibid, 272, & ſc, 
Sciences in the Eaſt, the Decay and Reſtoration of, 245 
Scipio applies himſelf to Aſtronomy, 212 
Sea, the Red, or the Sea of Edom, or the Erythrean, or Idumean Sea, 
19 
Sea, the White, found, 260 
Sea-· weed, Salt extracted out of, 151 
Senſations, the Order of, 92 
Senſations are a perpetual Revelation, ibid, 
Senſes, the agreeing of Reaſon with our, 34.0 
Senſes, Philoſophers are in the wrong to deſpiſe the Teſtimony of our, 
341 
Septentrio, the Origin of the Name, 193 
Shade, 111 
— the Utility of, 112 
— in Painting, 113 
in Engraving, ibid. 
Gnomonics or Dialling, 114 
Shae, the Coolneſs of, id, 
Siam, the Commodities of, 270 
Sienna, the Situation of, 200, 296 
Smoke, 136, 163 
Jack turning by the Help of, 136 
Soap, Bubbles of, 107 
Solomen, Navigation of the Fleets of, 199 
Spaniards, their Portion in America, 264 
Species can be varied in Plants and Animals, 318 
Sphere, the Structure and Uſes of the Armillary, 219 
Spices, f 259 
Spices, the Origin of, in the Courts of Juſtice, 161d, 
Stars, the Beauty and Uſefuineſs of, 15 
Stars, near the Pole, 16 
Star, Polar, 191 
Stars, the falling of, perfectly intelligible in the Copernican Syſtem, 
| 303 
Start made for the Eye, and the Eye for the Stars, 92 
Stcefler, 271 
Stene of Boulogne, 144 
Stuffs, the Ule of hairy, 153 
Sun, Eclipſe of the, 5 
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Sun, Beauty of the Approaches of the, Page 47 
— the Riſing of the 48 
— the Unity of the, 49 
— Digance of the Earth from the, ibid. 
Advantages reſulting from this Situation, 50 
Lan, the Motions of the, 224 
Sword, the wearing of the, 247 
5 the Right of wearing the, in whom it reſides, ibid. 
Symbols, Agyptian, the antient Writing, 186 
Symbols, give Birth to Idolatry, 188 
Hens, general, very uncertain, 109 
— needleſs, 328, 337 
—— dangerous, 339 
T. 
JAiſpbiſb, modern Andalufia, 196 
— Voyages to, 198 


Jartary, Commodities of, 267, 269 
Tel:ſcope, Invention of the, 276 
Teleſcope, firſt Application of the, to Aſtronomy, See the Frontiſpiece, 


and 277 

reflecting, invented by James Gregory, 321 

Tempering of Metals, 148 
Teneriffe, the Pico of Teyde in the Iſland, 122 
Thales of Miletum acquaints the Greeks with the Polar Star, I95 
Thermometer, the Invention of it, 312 
the Uſes of it, 313 

— the Cauſe of the Variation of it, 146 

Thule, 210 
Tremontane, Pedre la, | 195 
1ranſparency, the Cauſe of, T3» 77 
— — deftroyed by the Diverſity of Elements, 1bid, 
— deſtroyed by Fire, 775 125 

Travel/ers, the Services rendered by modern, 270 
Travelling, the Taſte of, 263 
Iruh eſſential both in Phyſics and Morals, 167 
V. 

Auuum, Machine of the, 314 
— Conſequences reſulting from the Experiments made in the 
Machine of the, 315 
Venice, ancient Commerce of, 259 
Venus, Explication of the Motions of the Planet, 281, 334 
Viſan, how operated, 82, & ſeq. 
—— when confuſed, 91 
Viriexes, (Des Cartes's) mended by Mr, De Molieres, 335, © ſeq. 
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Veyages of the Ancients, Page 191 
[rs 194 
Urſa Miner, or Cynoſare, ane 
Urſe, the Diſcoveries cf the two ro 
— the Origin of their Names, 7 
W. 
WW 47 E R, diſperſed in the Air. 134, 151, & ſeq. 
Water, not compreflibie, but much dilatable, 135 
Mater, terrible when joined with Fire. 135, & ſcq. and 158 
—— — the Vehicle of che nutritive Principles, and of the ſubterranean 
Matters. 136 
is the principal Ground of Flame, 162 
Water, how condenſes, 155 
TVax-Candle made of vegetative Tallow, 13 
Ways of the Light, 72 
White Colour, the Cauſe of. 105 
— — the Effect of, 108 
Vine, how can be full of Fire though as cold as Ice, 149 
Wed, porous, why warmer than Box and Marble, 153 
Werld, Suſpicion of a Plurality of, 300, 301 
nis Suſpicion takes nothing from the Gratitude of Men, . 
Writing and Painting, the duct of Aſtronomy, 13; 
an Example of the Symbolical, 186 
— cut, cas the £1 mbolical to fall, 188 
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3 ODIACK, 11 
Zediac, the Invention of the, 176 
me Manner in which the Diviſion of it was made, 178. 
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